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Hydroftaticks  and  Hydraulic^ 

Philosophical  and  Practical. 

Wherein 

The  moil  reafonable  and  advantageous  Methods  of 

laifing  and  conducing  .Water,  for  the  watering  Noblemens  and 
Gentlemens  Seats,  Buildings,  Gardens,  &c,  are  carefully  (and  in  a 
Manner  not  yet  publifFd  in  any  Language)  laid  down. 

Containing  in  General 

A Phyfico-mechanical  Enquiry  into  the  Original  and  Rife  of  Sprincc 
and  of  all  the  Hypothecs  relating  thereto  } as  alfo  the  Principles  of  Water! 
works,  and  the  Draughts  and  Defcriptions  of  fome  of  the  beft  Engines  for 

Sw„gs^;b§:gmTER> for  th'  *■»'*  s-ra: 

'"J?L?7rZ“'b  «£?  * C“irT\ °'he;  Archi“'?s  «*«**  «.  an- 

P r attic e and  Experience.  ’ aud  Dut‘h,  and  ™ch  improv’d  by  later 

IH  ultra  ted  and  Explain’d  by  Sixty  Copper  Cuts,  done  by  the  bed  Hands  ofrho  p • 
which  trad  to  the  Explanation  of  the  whole,  and  of  ru^al  Grotefoue  l 

_ ,, mention,  a.  of 

VOLUME  H. 


By  STEPHEN  STVITZE  R. 
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TO  THE 


Right  Honourable 

W I L L I A M, 

Baron  and  Earl  of  lnchiquin, 


Baron  of  Burren  in  the  Kingdom  of  Ireland, 
and  Knight  of  the  mofi  Honourable  Order  of 
the  Bath. 


My  L o r 

HE  greateft  Succefs  I can  promife  myfelf 
(next  to  the  fincere  Endeavours  I have  been 
ac  in  making  tilde  Volumes  of  Hydro ftaticks 
and  Hydraultcks  diverting  and  ufelul  to  the 
World J is  the  Happinefs  1 enjoy  of  prefent- 
ing  them  to  the  Patronage  and  Protection  of  Noblemen, 
who  may  ('with  fo  much  Jufticej  be  plac’d  amonglt  the 
molt  benevolent  and  friendly  Patrons  of  Mankind,  and 
from  whom  I have  received  fuch  repeated  Marks  of 
Favour  and  Friendfhip. 

A 2,  I KNOW 


D ED  I C ATT  Q.  N: 

lKf°T  n,ot'IeI!’  m-y  Lorc!’  "'hactind  Luminary  it 
was  which  ducted  me  to  the  Felicity,  / am  now  ac- 

knowlcdgmg:  Luc  the  Reflexion  thereon  is  fuch  as  (\ 
mt.ft  w.th  Gratitude  ownj  warms  my  Imagination,  and 
pohfhes  the  rugged  Face  of  thofe  Difficulties,  with  which 
Perions  m my  Sphere  are  unavoidably  attended  ■ and 
my  Happmefs  is  dill  heightened,  when,  to  the  Fr’iend 
hup  before-mentioned,  I add  that  of  your  Lordlhip’s 
Ahection  to  all  thole  ufeful  Improvements,  which  for  fo 
many  Years  have  been  the  Subjeff  of  my  Attention  and 
Stucv*  ^eiions  of  your  Lordfhip’s  Figure  in  the  World 
are  like  the  Sun  (the  principal  Subject  of  all  our  Philo’ 
iophical  Enquiries)  which,  tho’  plac’d  at  fo  immenfe  a 

n -i  r , ; yet,  by  the  great  In- 

fluence it  lias  over  fublunary  Beings,  difpels  the  gloomv 

Shades  of  the  Night,  and  Introduces  the  Gaiety  of  2 
lovely  Day.  J 

The  Subjects  I here  prefent  your  Tordfhip  with  as 
they  are  of  the  greateft  Importance  to  the  vegetable  and 
animal  Life  3 fo  they  juftly  funiifh  its  Obfervers,  with 
fome  of  the  molt  exterior,  deepeft,  and  moft  philofo- 
phical  Refearches,  of  any  in  the  whole  Bofom  of  Nature 
as  well  as  the  Profpedt  of  fome  of  the  exterior,  and  moR 
ftupendoufly  amazing  of  all  her  Works.  ’Tis  the  Com 
temptation  of  thefe  Objects,  which  raifes  an  uncommon 
Plealure  in  the  Imagination!  and  fills  the  Soul  with  I- 
deas,  Great  and.  Noble  as  itfelf. 

What  more  admirable  than  an  Enquiry  into  theBeino- 
and  Actions  of  thofe  Powers,  by  which  this  feemimdy  in 
diffoluble  World  is  (by  a due  and  regular  Circulation) 
upheld  and  maintain’d  j and  at  the  Cefiation  of  which 
Nature,,  would,  foon . be,,  reduc’d  tp  the  greateft  Agonies 

and 
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nd  Convulfions,  and  be  forc’d  to  fubmit  to  her  pri- 
mitive Nothing. 

What  more  magnificent  than  thofe  voluminous 
Scenes  and  Ridges  of  Mountains  and  Hills  involv’d  in 
one  another,  and  fpouting  out  Rivers  for  the  Supply 
of  Mankind ! Landskips  fo  truly  magnificent  and  great, 
that  they  fling  the  Imagination  into  thofe  pleafing  Afto- 
nifliments,  which  the  Vivacity  of  fuch  Qbjedts,  tne  pre- 
cipitate Cadences  of  Fountains,  Catarabb  and  Calcades 
of  Water,  affords  to  its  admiring  Spectators  (permit 
me,  my  Lord,  to  tranfcribe  the  Words  of  one  of  the 
befl  Authors  of  this  or  the  laft  Age)  fitch  Trofpelfs  are 
as  p leafing  to  the  Fancy , as  the  Speculations  of  Eternity 
and  Infinitude  are  to  the  ‘Under ft anding,  the  Beholder  is 
quickly  tired  with  Hills  and  V allies,  where  every  thing  cm - 
tinues  fix'd,,  and  fettled  in  the  fame  Place  and  Poflure , but 
his  Thoughts  are  always  relieved  at  the  Sight  of  fuch  Objects 
as  are  ever  in  Motion , and  fiiding  away  from  his  Eyes . 
And  truly,  my  Lord,  whatever  the  Opinion  of  fome 
Moderns  may  be,  who  decry  Water  as  too  aguifh  and 
cold  for  this  Region  and  Climate  5 yet  I humbly  con- 
ceive, that  wherever  its  Current  or  Paffage  is  fvvift,  and 
thereby  free  from.  Stagnation,  nothing  in  Nature  can  be 
more  pleafant,  nor  any  Seat  compleat  without  it 

I T is  this  (may  I continue  the  Words  of  that  learned 
Author)  which  ferves  for  a continual  Refrefhment , and 
takes  off  from  that  Satiety , of  which  Mankind  are  tco  apt 
to  complain  ; it  is  this , that  befiows  Charms  upon  a Mon - 
fier , and  makes  even  the  Imperfections  of  human  Na- 
ture p leafing  ; it  is  this  that  recommends  Variety , cohere 
the  Mind  is  continually  taken  up  with  fomething  that  is  old , 

or 
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or  called  off  to  zvhat  is  new l It  is  fuch  enlarged  and  nolle 
Ob  j eels  which  enlarge  the  Mind  anew,  nor  can  there  be 
any  thing  more  enlivening  to  the  Fancy , than  the  Prof  peel 
of  Rivers,  fet-d’eaux  or  Ralls  of  Water,  when  difpoled 
well,  and  ac  proper  Distances. 

How  well,  my  Lord,  I have  acquitted  myfelf  in  the 
Purfuit  of  thefe  noble  Objects  and  Enquiries,  mull  be 
left  to  the  Decihon  or  this  difeerning  -Age.  Thus  much  is 
certain,  that  what  Judgment  foever  is  pafs’d  upon  the 
Perfections  or  Imperfections  of  this  Undertaking,  the 
World  will  be  oblig’d  to  own,  that  I can  diftinguifh  well 
in  the  Choice  I have  made  of  prefenting  thefe  Papers 
to  your  Lordfhip,  and  that  I am  more  than  happy  in 
the  Pleafure  ( I am  allow’d)  of  fubfcribjng  myfelf, 


My  Lord, 


Your  Lordlhip’s  Moll  Obliged, 

Molt  Obedient 

Humble  Servant, 


S'* 


Stephen  Switzer.' 


. __  


ADVERTISEMENT 


T O 

The  Second  Volume. 

TH A T the  Reader'  may  be  fatisfy’d  why  this  Work  is  divided 
into  two  Volumes j rather  than  bound  up  in  one as  was  at  firfi 
intended^  it  will  be  proper  ( I humbly  conceive)  in  this  ‘Place 
to  acquaint  him.,  that  the  Length  of  the  Subject , and  the  great 
Number  of  the  CutSj  have  made  the  Bulk  of  the  Book  much  larger 
than  at  firfi  it  was  fuppos’d  it  would  ; and  that  ip  it  had  been  bound 
up  in  one  Volumes  it  would  have  been  too  cumber fome and  the  Diffi- 
culty op  folding  and  unfolding  of  the  Cuts  would  have  been  trouble- 
fome : On  which  Accounts  it  was  thought  proper  to  divide  it  into  two 
Volumes  ; but  fo  as  to  maintain  the  fame  running  Titlej  and  to  break 
off  at  a Place  where  the  Cuts  would  come  in  fo  wells  as  to  finijh 
and  compleat  this  fecond  Volumes  without  any  great  Enlargement 
of  the  Trices  or  any  other  Detriment  to  the  curious  Reader. 

THE  Author  alfo  takes  this  Opportunity  of  acknowledging  the 
Obligations  he  has  to  thofe  Noblemen  and  Gentlemens  by  who fe  ge- 
nerous Subfcription  this  Defign  was  firft  fet  on  Foots  but  which 3 
by  reafon  of  the  Multiplicity  of  other  Bufinefs  in  which  he  is  em- 
ployes and  the  Tedioufnefs  of  collecting  Subfcript tons  equal  to  fo 
expenjive  a Work  as  this  was  found  to  bCs  he  has  de fifed  from  that  Me- 
thod of  printing  itj  and  has  not  thought  it  proper  to  print  the  Names 
of  thofe  who  did  him  that  Honours  becaufe  he  had  not  Time  to  collect 
them  from  but  few  y but  thus  far  he  promifes  in  Acknowledgment  of 
their  Favours s that  fuch  Subfcribers  fhall  not  only  have  the  very 
firfi  Cuts  of  all  the  Imprejfiotis  but  jhall  alfo  have  the  Book  at  a 
more  reafonable  Rate  than  thofe  who  did  not  fubfcribe.  From 
the  Conceitednefs  of  fome  part  of  the  Worlds  and  the  ill  Nature 
of  others s I am  perfwaded  how  different  the  Reception  of  thisj  as 
well  as  other  Works will  bcs  according  as  the  Humor  or  Inter efi 
of  different  Parties  prevail, 

ONE 


Advertisement.' 

ONE  of  the  great  eft  Objections  I fore  fee  (and  which  indeed  I 
hear  of  already)  iSj  that  a Work  of  this  kind  is  not  the  proper 
Province  of  a Gardener 3 and  that  perhaps  he  might  as  well  have 
employ’d  himfelf  in  writing  of  Aftronotny  or  any  other  abftrufe 
Science.  To  thefe  I aufwer_,  that  the  Study  of  Hydroftaticks  does 
more  particularly  belong  to  a Gardener 3 than  to  any  other  Perfon 
whatsoever  whether  it  be  conftdered  in  a Philofophical  Senfe as 
it  gives  him  an  Infight  into  the  Trocefs  of  Nature  in  Vegeta- 
tionj the  Afcenfton,  RecejJioUj  or  progrefftve  Motion  of  Sap  in 
Plants  ; or  in  a Mathematical  Senfe } as  it  fervesj  for  the  Em- 
bellijhment  of  a Country  Seat  with  Water  ; or  of  both  .,  as  it  con- 
tains a Refearch  into  the  Gravity  > Elafticity  and  Progrefs  of  Air_, 
and  other  Fluids } fo  necejfary  for  the  Prefervation  of  the  vegetable , 
as  well  as  animal  W or  Id ; nor  can  an  Ejfay  of  this  Kind.,  if  well 
endeavoured  at } be I humbly  hope by  thofe  who  are  impartial , 
thought  out  of  the  Way  3 let  it  come  from  what  Hand  it  will. 

ALL  that  1 have  to  add}  is_,  That  I have  fpared  no  Pains  in 
making  this  Collection  as  ufeful  as  I pojftbly  could for  the  Ser- 
vice of  the  IV or  Id  ; and  if  I have  fallen  Jbort  of  the  Dignity  of 
the  Subject  j or  have  been  wanting  in  the  Extraction  I have  made 
from  other  Authors s the  good  natur’d  Reader  wilf  ’ tis  humbly 
hop’ dj  afcribe  it  to  Hurry  rather  than  NegleCt  in  the  Author . 
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CHAP.  XX. 

Of  Hydraulicks,  its  Etymology,  dec. 

H E Etymology  or  Derivation  of  Hydraulicks  (tlW 

a akWSi'd  [al'e  y found  in  an>r  of  the  Lexicons')  is 
Undoubtedly  from  taup,  Cr  rather  aqua  wf 

T/  °l  °^  or  longing  thereto;  and  civK^  Tibicen  or 
Tibia,  a Pipe  : Since  Vitruvius, , Ltb.  10  cZ 
tells  us,  that  the  Ancients  heretofore  play’d  alf  'th  ■' 
Organs  and  other  Inftruments  of  Mufick  of  that  H ( 1 • , leIr 
now  play  with  Wind)  by  Water.  kmd  ('whjcJl  we 

u 7 ^H£  ,9'?ans’  Cays  he)  were  play’d  bv  the  Helo  of  q 
a k<f?’  wh‘ch  were  pull’d  up  or  letdown  in  the  Body  of the  Pumn' 
which  Suckets  prefs’d  the  Air  with  Violent  ;n^  o p , 1 Ump’ 
“ I-  * Copper  Softer,  half  fuU  rf 

,,  “nftrain’d  it  fo  as  to  afeend  round  about  within  the  Coif1  ’ 

1 n “ Equilibrium 


■ 'V*! 
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Equilibrium  or  Motion  of  Water  and  other  Fluids,  and  by  the  latter 
the  Force  of  Mechanical  Engines  for  the  forcing  it  up  to  great 
Heights. 

And  thefe  Engines  are  of  many  and  different  Kinds;  as 
Firft,  thofe  that  are  Ample,  as  is  the  Siphon,  Syringe,  Antlia,  or 
Single  Pump,  Screw  Engine,  and  the  like. 

The  fecond  are  thofe  that  are  compounded  of  the  Pump  and  o- 
ther  Parts;  as  the  Chain-Pump,  Crankwork, Vibrating-Leaver, &c. 
the  Wheels  whereof  are  drove  either  by  the  Strength  of  Men, 
Horfes,  Water,  Wind,  and  the  like. 

The  laft  is  the  Fire-Engine;  an  Invention  of  that  great  Ufe  and 
Facility  of  working  (efpecially  in  Coal-Mines)  where  it  was  at  firft 
chiefly  defign’d  ; fo  that  we  may,  without  Arrogance,  challenge  the 
whole  World  for  fuch  an  Invention. 

It  is  requir’d  in  an  Engine,  that  the  Parts,  whereof  it  is  com- 
pos’d, be  few,  and  thofe  very  Ample  and  plain  ; for  although  in  all 
other  Machines,  as  the  Jack,  Clock,  and  Watch  work,  as  alio  in 
railing  a great  Weight,  there  is  a Nece  fifty  of  a great  Number  of 
Wheels  and  Pullies,  either  to  retard  its  Motion,  and  to  keep  it  long 
from  going  down,  or  in  the  other  Cafe,  to  make  the  Afcent  of  hea- 
vy Bodies  more  eafy  and  regular  ; to  which  muft  be  join’d,  a mo  ft 
powerful  Force.  Yet  in  Machines  for  railing  Water,  the  Cafe  is  al- 
ter’d And  the  FriTion  is  fo  great  in  a great  Number  of  Cogg- 
Wheels  Runlets,  &c.  that  the  Machine  goes  heavy,  and  its  Imper- 
feaion’is  difcover’d  by  that  fhocking  and  Noife  which  it  makes, 
whilft  a good  Machine  goes  ealy  and  imooth,  and  alrnoft  as  filent  as 
a Clock  or  a Watch,  as  whoever  has  feen  that  in  Blenheim  Bridge, 

Ca The* Ancients,  as  Vitruvius J lib.  xc.cap.  2 x.  fets  down,  had  fe- 

veral  forts  of  Engines  for  raifing  of  Water. 

The  firft  was  the  Tympan,  of  which  there  were  two  Sorts ; one 
elevated  a great  deal  of  Water,  but  not  very  high,  for  it  only  moun- 
ted to  the  Axletree  of  the  Tympan,  which  was  a great  Wheel  made 
of  Planks,  which  made  two  Bottoms  divided  into  eight  Parts  from 
the  Center  to  the  Circumference,  each  Separation  having  an  Open- 
ing half  a Foot  wide,  near  the  Circumference,  to  draw  the  Water, 
which  being  elevated  on  tire  Axletree,  ran  through  tite  Cavities 

which  were  hollowed  in  each  Separation.  , , 

The  fecond  Machine  was  a Wheel  which  elevated  the  Water  as 
high  as  its  Circumference,  by  the  Help  of  feveral  Boxes,  which 
were  fattened  about  it,  and  which  pour’d  out  the  Water  into  a 
Reeve,  as  the  Wheel  (having  mounted)  began  to  deicend. 
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The  third  Machine  was  a Chain  with  Buckets,  as  the  one  moun- 
ted, the  other  defcended,  being  drawn  by  the  Axletree. 

The  fourth  Machine  was  the  Vice  or  Screw  of  Archimedes with 
which,  it  was  faid,  he  drain’d  off  the  Floods  of  the  Nile,  though 
Vitruvius  makes  no  mention  of  the  Inventor.  This  Vice  was  made 
of  a long  Beam,  or  Piece  of  Wood,  fixteen  Times  as  long  as  its  Dia- 
meter j about  this  Piece  of  Wood  was  put  obliquely,  a Hoop  of 
Willow  Wood,  befmear’d  with  Pitch,  and  it  was  conduced  by  tur- 
ning it  round,  by  the  Means  of  a Handle  or  Wheel,  the  Bottom 
of  which  was  fix’d  in  the  Water,  and  the  Top  on  a Poft  fet  to 
the  Height,  to  which  a Man  was  to  raife  his  Water;  and  of  this 
Kind  there  are  feveral  now  in  Ufe.  But  of  this  more  in  its  proper 
Place. 

But  befides  this,  the  Ancients  had  Engines  for  drawing  or  raifing, 
which  they  call’d  by  the  general  Name  of  Budromia  ( as  may  be 
feen  in  the  Chapter,  where  the  Axis  in  Teritrochio  is  treated  of) 
and  were  no  other  than  for  the  drawing  of  Water  out  of  Wells  by  a 
Chain  and  Bucket  -.  But  as  all  Engines  of  this  Kind  are  now  reduc'd 
into  a more  mechanical  Method,  they  are  now  rank’d  under  the 
general  Head  of  Hydraulicks,  as  has  been  fet  down  more  at  large 
in  the  Beginning  of  this  Book. 

Of  this  Kind  there  were  Engines,  Machines  or  Mills,  call  them 
which  you  will,  chiefly'  made  Ule  of  then,  for  the  grinding  of 
Corn  amongft  the  Romans , which,  as  Vitruvius , Lib.  10.  Chap. 
10.  fays,  were  mov’d  by  the  Help  of  a great  Wheel,  which  had 
many  Wings,  which  we  now  call  Pallats  or  Ladles,  and  forced 
by  the  Current. 

The  Axletree  of  this  great  Wheel  travers’d  another  which  had 
Coggs,  that  made  the  Lanthorn  or  Trundle  Head  go  round, 
and  which  being  plac’d  horizontally,  was  travers’d  with  a Beam 
of  Iron,  which  entring  through  above  into  an  Iron  in  the 
Form  of  a Wedge,  helped  to  fallen  the  Beam  into  the  Mill- 
ftone,  above  which  was  the  Mill-hopper,  in  form  of  a Funnel, 
And  thus  far  Vitruvius  fets  down,  as  to  Mills,  &c.  chiefly  ufed 
in  thole  Times,  for  grinding  of  Corn,  and  fometimes  for  raifing  of 
Water:  But  later  Experience  has  produc’d  a much  greater  Num- 
ber of  Inventions,  for  raifing  of  Water  by  Chain-work,  Crank- 
work,  the  vibrating  Leaver,  Fire  Engines,  of  which  in  their  re- 
fpeftive  Order. 

But  before  I finifh  this  Introduflion,  the’ it  is  a little  facetious, 

I can’t  but  prefent  my  Reader  with  the  following  Account,  as  it 
was  fent  me  by  a Gentleman  of  Wit  and  Humour. 

I need 
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I need  not  trouble  my  Reader  with  the  Names  of  Perfons 
unlefs  I have  Particular  Orders  for  fo  doing,  but  hope  he  will  take 
the  Letter  juft  as  he  finds  it,  as  it  demonftrates  the  feveral  Ufes  to 
which  Water  Engines  may  be  apply’d. 


March  18th,  1727. 

SIR,  7 

“ QIKTH  OMA  S laid  his  Commands  upon  me,  to  give  you  an 

O “ Account  of  the  W ater-works  by  him  defign’d,  which  comes 
“ from  a Spring  a Mile  from  his  Hall,  with  a natural  Defcent  all 
“ the  Way,  at  leaft  above  60  Feet  high,  falling  naturally  into  the 
“ feveral  ufeful  Offices  following,  viz. 

“ 1 ftj  It  ferves  a very_  fine  Marble,  but  unufual  Beaufet  to 
“ wafh  his  Glades,  and  which  will  hold  above  nine  Bottles,  at  lead: 
u half  Way  in  Water  to  cool  his  Liquor. 

“ The  next  ferves  to  turn  the  Spitt  in  his  Kitchen,  by 

u which,  infiead  of  a Jack  ( and  much  more  ufeful,  and  lefs 
“ troublefome)  he  roalfs  all  his  Meat. 

“ 3 dly*  Another  large  Cock  in  his  Kitchen,  which  ferves  all 

common  Ufes  in  the  fame. 

“ tfhtyj  A Cock  that  turns  in  a Tubb,  to  keep  the  Wort 
“ cool  in  the  fame,  to  condenfe  the  Spirits  from  a Bolt-head 
<{  ftill. 

“ 5 thlyJ  The  next  is  the  Brewhoufe,  where  it  ferves  4 Cop- 
“ pers,  the  firft  plac’d  20  Feet  high,  to  keep  Water  hot  all  the  Day 
“ for  brewing,  mafhing,  and  fcaiding  of  Velfels,  and  which  falls 
“ into  the  mafhing  Tubb,  and  from  out  of  the  mafhing  Tubb 
“ into  the  under  Deck,  from  thence  into  another  Copper  to  boil 
“ the  Wort,  and  from  thence  into  a large  Cooler,  naturally  by 
“ Defcents,  without  either  pumping  or  leading.  y 

“ hthtyj  And  lajltyj  (at  prefent)  in  his  lower  Kitchen  it  roafts 
“ his  Meat  (as  in  the  upper  Kitchen),  churns  his  Butter,  dreffes  the 
“ Flower  for  his  Bread,  wafhes  his  Cloaths,  grinds  his  Malt.  And 
“ now  give  me  Leave  to  add  a 7 thj  upon  the  Anvil  not  yet 
“ brought  to  Perfedion,  which  will  be  necelfary  and  very  ufeful 
“ being  lately  married  to  a fine  young  Lady,  and  which  lie  is 
“ now  contriving,  will  be  to  rock  the  Cradle. 

And  with  this  I fhall  conclude  what  I have  to  fav  in  this 
Introduftion.  y 

CHAP. 
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CHAP  XXL 

Of  the  mechanick  Sciences,  and  their  Vfes  in  Hydrau- 

licks,  &c. 


ITHERT  O we  have  treated  in  general  concerning 
Air  and  Water,  and  the  natural  Effefts  they  have  in 
Hydroftaticks  and  Hydraulicks  ; but  as  the  latter  is 
principally  founded  on  Mechanicks,  in  order  to  the  rai- 
mg  ot  Water  fo  much  above  its  natural  and  common 
. Level,  to  the  Tops  of  high  Hills  and  elevated  Situ- 
ations, it  lee  ms  requisite  that  we  take  fuch  a View  of  thefe  Sciences 
as  may  ( with  the  greater  Certainty  and  Facility  ) introduce  the 
Reader  into  that  which  is  the  chief  Purport  of  this  part  of  mv  De- 
fign  ; I mean  Hydraulicks. 

Of  the  Leaver. 

I,JH5  -esr  the  Leaver,  which,  as  the 

C/.l'1  has  it,  has  its  Derivation  a Vehendo,  and  that  Veltor 
Vettio,  Ve&uraf  VeBigal 3 Convexnm J Vexum,  Vexillum  area-kin 
to  it;  and  that  it  is  called  Leaver  a Levando , becaufe  of  its  Ufes  in 
lilting  or  heaving. 

Now  the  Power  of  this  Inftrument  (which  is  of  great  Ufe  in  Hy- 
draulicks) is  more  or  Jefs,  according  to  the  Point  by  which  it  is 
fufpcnded;  For  ExampJe,  let  AB,  Fig.  i.  Tab.  feq.  be  the  Leaver, 

SA1?  BUAlt  ?enr.i°  De  ,movt!»  B the  Point  whei'e  it  is  to  raife  its 
Weight,  A the  P ace  where  the  moving  Force  is  apply’d,  and  V the 

Force  it  felt,  F the  Fulcrum  or  Prop  by  which  it  isfuftain’d,  and  C 
the  Center  of  Motion.  ’ 

la  is  plain,  that  if  that  Center  or  Point  of  Motion  were  plac’d 

XcM  atP  R°Wardu  V an,d  A - Mat  P.»  ^ the  Weight  O,  w Inch  is 
plac  d at  B,  could  not  be  rais  d with  that  Eafe  which  now  it  is  no 

not  although  there  were  four  times  the  Weight  apply’d  at  A This 
is  further  demonftrated,  by  Fig.  2.  P P y C 1 ms 

IT 
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It  would  be  foreign  to  myPurpofe,  at  leaft  it  would  take  up  more 
Room  than  I can  allow  my  felf  in  the  Compafs  of  this  Treatife,  to 
go  through  all  the  Ufes  of  this  ancient,  but  plain  Inftrument ; and 
for  the  farther  Satisfaction  of  thofe  that  are  very  curious  of  my 
Readers,  I refer  them  to  that  elaborate  Treatife  of  Mechanicks 
wrote  by  the  learned  Dr.  Wallis,  cap,  6.  p.  572 ,&c.  where  it  is  ve- 
ry exactly  treated  of. 

This  Leaver  we  have  been  thus  epitomizing,  is  alio  not  improper- 
ly call’d  a Scale  or  Ballance,  which  is  a rectilinear  Beam,  as  A B,  vid. 
j '{fig.  3.  made  of  a firm  homogeneous  Matter,  every  where  of  an  equal 
Thicknefs,  fo  that  if  it  reft  with  its  middle  Point  C upon  the  Prop 
D,  its  Ends  will  keep  an  horizontal  Pofition ; for  which  Reafon  it 
may  be  confider’d,  as  a Line  without  Weight.  And  if  at  equal  Di- 
ftances  in  A and  B,  or  nigh  A and  B,  the  equal  Weight  X and  Z be 
fufpended  immediately,  or  within  two  Balias  of  equal  Poife,  they 
will  keep  the  fame  Situation. 

But  if  the  Weight  X were  to  be  heavier  than  the  Weight  Z,  or 
the  Prop  at  C were  to  be  mov’d  more  towards  either  X or  Z,  then 
would  appear  that  famous  but  yet  intelligible  Theorem,  and  which 
is  indeed  the  Corollary  of  all  the  Experiments  that  can  be  try’d  in 
Mechanicks,  that  equal  Weights  fufpended  at  unequal  cDifancesJ 
nor  unequal  Weights  plac'd  at  equal  Difances  can’t  equipon- 
derate. 

And  from  thence  may  be  demonftrated,  wherein  the  comparative 
Habit  of  Weights,  fufpended  from  an  unequal  Radius  of  the  Ballance, 
does  confift;  for  if  the  Weights  M N,  Fig.  IV.  are  reciprocally 
proportionable  to  the  Parts  of  the  Beam,  that  is,  if  the  Radius  A C 
be  two,  and  B C three  Parts  in  Length,  and  again  the  Weight  fuf- 
pended at  the  End  of  the  long  Radius  be  two,  and  M hanging  at  the 
fborterEnd  be  three  Pounds,  thefe  Weights  will  neceflarily  equipoife 
each  other,  as  Experience  fheweth  for  M cannot  defend,  but  that 
N muft  at  the  fame  time  afcend ; nor  can  the  Radius  C A in  defen- 
ding pals  through  two  Parts  of  Space  A C ; but  the  longer  C B will 
afcend  through  three  Parts  of  Space  to  F.  And  fince  the  two 
Pounds  Weight  N meets  with  the  Pvefiftance  of  a fixfold  Impulfe  in 
palling  through  the  triple  Space  B Fj  the  three  Pound  Weight  M 
moving  in  a double  Space,  will  liktwife  fufter  a fextuple  Impulfe. 
And  thus  it  is  plain,  that  it  will  be  fo  in  all  other  Cafes,  and  there- 
fore the  Pvefiftance  of  the  afcending  Weight  will  be  equal  to  the  Im- 
pulfes  of  the  defending.  Hence  alfo  it  is  maniieft,  that  N cannot 
be  lifted  up  by  M,  (nor  M by  N)  for  the  fame  Reafon  ; and  confe- 
quently  they  will  mutually  keep  one  another  at  Reft  in  Equilibno, 
1 ' as 
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as  is  in  Fig.  3.  Which  being  thus  demondrated,  it  neceilarily  fol- 
lows, that  equal  IV eights  Ju  [pended  at  unequal  Ttiftances  from  the 
Middle  of  the  Ballance  > can’t  equiponderate } as  before . For  in  the 
prefent  Cafe,  if  to  the  Weight  N never  fo  little  Weight  more  be  ad- 
ded, it  will  neceffanly  dedroy  the  Equilibrium ; how  much  more, 
then,  will  it  be  taken  away,  if  N by  a farther  Addition,  (viz.  that 
of  a whole  Pound)  be  fuppos’d  to  be  made  equal  to  the  Weight  M? 

But  if  indead  of  the  Weight  N,  fome  other  moving  Force,  efpe- 
cially  that  of  a Man’s  Hand,  were  apply’d,  then  this  Ballance  re- 
turns to  its  fird  Appellation  • the  Vettis  or  Leaver  not  any  ways  dif- 
fering from  the  Ballance  in  any  effential  Property. 

And  if  the  moving  Force,  being  fomething  drongly  actuated, 
move  downwards,  and  the  Weight  to  be  mov’d  at  the  fame  time  be 
lifted  upwards,  the  Leaver  is  then  call’d  Heterodromus  ; but  if  one 
of  its  Extreams  C,  ( Fig . V.)  be  placed  upon  the  Hypomochlion,  or 
Prop,  and  the  other  be  apply’d  to  the  moving  Force  B,  the  Weight 
to  be  moved  being  placed  between  them  both  in  A;  fo  that  the  mo- 
ving Force  B mult  move  the  fame  Way  with  the  Weight  A,  which 
is  to  be  rais’d,  then  this  Vettis  or  Leaver  is  call’d  Homodromus.  In 
which  the  Proportion  of  the  Didances  from  the  Hypomochlion  or 
Prop  are  dill  the  fame;  viz.  B C being  to  A C reciprocally  as  the 
Weight  and  Forces,  viz.  as  A is  to  B.  For  if  at  one  End  of  the 
Hypomochlion  or  Prop,  there  be  placed  the  Radius  C b equal  to  C B, 
it  is  plain  from  the  Nature  of  the  Ballance,  that  the  Weight  of  one’ 
Pound  in  b,  to  which  the  Weight  A of  four  Pounds  may  be  fuppos’d 
to  be  equal  in  poile  (by  what  has  been  already  faid)  may  be  fudain’d 
and  kept  up  by  the  Force  of  one  Pound  apply’d  in  B,  (there  being 
no  Weight  at  the  fame  time  in  A)  that  is,  in  plain  Terms,  the  Force 
of  one  Pound  on  B weighs  as  much  as  four  Pounds  in  A.’ 

And  if  the  Arms  or  Radii  of  the  Leaver  lie  not  in  a drait  Line 
but  incline  one  to  another,  fo  as  to  make  an  Angle,  the  reciprocal 
Proportion  of  the  Weight  and  Radii  will  not  then  be  the  fame  but 
then  the  Proportion  of  the  Weights  X and  Z ( Fig . 6.)  is  edimated 
by  the  Didances  of  the  Line  of  Direction ; that  is,  as  if  B C in 
Numb.  1.  and  A C,  in  Numb.  2.  were  the  Arms  or  Radii  of  a 
rectilinear  Vettis,  and  after  the  fame  Manner,  if  to  one  of  the 
Pvadii  D C of  the  drait  V edits  or  Leaver,  there  be  apply’d  a Force 
drawing  upwards  or  downwards  obliquely,  Numb-  3,  and  4.  then 
it  will  not  be  as  D C is  to  B C,  but  as  A Cto  B C.  viz.  the  perpen- 
dicular Didances  to  the  Lines  of  Direction  : So  will  the  Weight  ~Z 
which  is  the  Weight  to  be  poifed,  be  to  the  Force  that  raifeth  it  in 
X,  which  is  feldom  obferv’d  in  vulgar  Books  of  Mechanicks. 

O 0 After 
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After  the  fame  Manner  alfo,  may  Cranes,  with  which  is  drawn 
the  Water  out  of  Wells,  be  reckoned  as  Leavers  ; for  in  letting  down 
the  Bucket  E,  Fig.  XL  the  Force  drawing  the  Chain  or  Rope  B E 
downwards,  and  the  Weight  it  felf  of  the  empty  Bucket,  is  apply’d 
to  the  longeft  Arm  of  the  Leaver  B C,  whilft  the  Stone  D,  which 
is  heavier  than  the  Bucket,  lies  upon  the  fhorteft  C A ; fo  that  the 
Force  drawing  down  the  Chain,  is  requir’d  to  be  fo  much  the  lefs, 
to  overcome  the  Excefs  of  the  Weight  D above  the  Weight  of  the 
Bucket  and  Chain,  by  how  much  the  greater  the  Proportion  of  the 
Arm  or  Radius  B C is  to  the  Arm  C A ; but  in  drawing  up  the  Buc- 
ket, which  is  now  fuppos’d  to  be  full  of  Water,  the  Force  that  lifts 
it  up,  is  in  part,  the  Weight  of  the  Stone  D,  but  is  apply’d  to  the 
fhorteft  Arm  of  the  inverted  Leaver  A C : whence  it  is.  that  if  at 
mod  the  Stone  D were  equal  in  Weight  to  the  full  Bucket,  yet  it 
could  not  raife  it  up,  till,  on  the  other  Hand,fome  other  Force,  viz » 
that  of  a Man,  be  apply’d  to  the  Chain,  which  may  be. able  to  out- 
lift  the  remaining  Part  of  the  deprefling  Force  or  Weight;  which 
Thing  is  elegantly  enough  demonftrated  by  Arijiotle , Problem  ao. 
but  yet  may  be  fet  into  a clearer  Light,  if  we  reduce  it  into  Num- 
ber, by  forming  it  into  fome  Cafe. 

As  for  Example,  fuppofe  the  Weight  of  the  empty  Bucket  and 
Chain  together  to  be  forty  Pounds,  and  the  Stone  D an  Hundred 
Pounds,  the  Arm  B C as  two  Pounds,  the  Arm  A C as  one  Pound  ; 
which  being  fuppos’d,  the  Force  of  a little  above  thirty  Pound  will 
be  fufficient  to  fink  the  Pail ; and,  on  the  contrary,  let  the  full  Buc- 
ket, with  its  Chain,  weigh  ninety  Pounds ; which  being  fuppos’d, 
the  Weight  ninety  Pounds  will  be  to  the  Weight  an  Hundred  and 
eighty  Pounds,  as  one  to  two  ; and  therefore  the  Stone  D,  which  is 
anHundred  Pounds,  won’t  be  fufficient  to  fuftain,  much  lefs  to  raife 
the  Bucket;  but  the  Force  of  a Man  equivalent  to  above  eighty 
Pounds,  is  required  to  draw  the  Chain  up,  or  to  the  Weight  D 
there  muft  be  added  ten  or  twenty  Pounds,  or  elfe  the  Diftance 
from  C to  A muft  be  enlarg’d,  or  the  Proportion  from  B to  C dimi- 
nifh’d.  But  the  firft  is  the  moft  eligible  ; where,  if  you  apply  a 
Lead  Weight  of  fifty  Pounds  at  C,  it  will  add  more  Force  at  that 
Diftance,  than  the  Stone  of  an  Hundred  Pounds  at  D ; of  which  more 
hereafter. 
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Of  the  Axis  in  Peritrochio. 

The  Axis  in  cPeritrochioJ  is  a Machine,  or  Mechanical  Inftru- 
raent,  proper  for  lifting  great  Weights,  as  the  Veflis  or  Leaver  is  of 
fmall;  and  all  Writers  of  Mechanicks  reduce  them  both  to  one  and 
the  lame  Laws.  It  is  (as  the  learned  Dr.  Wallis  defines  it,  cap.  7. 
p.6 o<;.  of  his  Mechanicks)  compos’d  of  a Cylinder,  which  is  call’d 
the  Axis,  and  which  is  fuftain’d  at  each  End  with  a HypomochlioUj 
FulcrmUj  or  Prop,  call  it  which  you  will ; round  which,  is  a Tym- 
panum^ Wheel,  or  Crane,  and  is  call’d  the  ‘Peritrochium  ; in  the 
Ambit  or  Circumference  of  which,  Holes  being  made  on  purpole, 
are  fix t in  the  Scytala , ferving  as  Handles  ; to  which,  if  a Force  is 
apply  d,  the  Peritrochium,  with  its  Axis,  will  turn  round,  on  which 
the  Ropes  being  rowl’d,  they  elevate  or  lift  up  the  Burthen. 

I shall  not  copy  or  tranflate  what  that  learned  Gentleman  be- 
roie-nam  d,  or  others,  have  fet  clown  as  to  the  Original  of  the  feve- 
ral  Members  of  which  this  and  the  other  ufeful  Inllruments  of  this 
kind  are  made,  becaufe  it  would  lead  me  too  far  out  of  my  Way 
but  in  order  to  illuftrate  it  the  better,  will,  for  example,  fuppofe  the 
cylinderical  Axis  to  be  moveable  horizontally,  about  the  central 
Pins  or  Nails  at  A B,  {Fig.  VIII.)  to  which  a Rope  being  faftened 
by  one  oi  its  Extrearns,  and  wound  round  the  Cylinder  or  Axis,  ha» 
ving  a Weight  hanging  at  the  other  End,  it  will  raife  it  fo  much  the 
raiter,  by  how  mucly  the  oftner  the  Cylinder  is  turn’d  round  • for 
the  facilitating  of  which,  either  one  Leaver  D A is  tranfverfiy  infer- 
red into  it,  which  mull  be  turn’d  round  with  a Man’s  Hand,  or  anv 
other  impelling  Force,  from  D to  d,  &c.  and  fo  rendered  perpetual 
and  Sometimes  for  Conveniency,  two,  at  leaft,  are  putin,  as^^C 
^ A/’  are  tranrverfly  thruft  through  it,  whofe  Extremities 

<9  C and  may  be  fuccelfively  turn’d  round,  and  fo  ufed  as  one 
Imgle  Leaver,  the  Fhypomochlion , Fulcrum or  Prop,  being  always 
at  the  Axis  of  the  Cylinder,  or  at  the  Center  & ; the  longer  Arm 
d f or  5®  31;  the  fhorter  one  a <?,  or  a €,  being  the  Semidiameter 
or  the  Cylinder,  from  whofe  Extremity  €,  or  the  Periphery  which 
it  detcribes,  the  Weight  to  be  rais’d  is  continually  fuppofed  to  hang- 
and  when  it  is  in  this  Force,  it  reprefents  that  Engine  which  iscoin- 
monly  call’d  the  Windlafs. 
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The  Peritrachium  defcrib’d. 

For  a more  particular  Defcription  of  the  Axis  in  T eritrochio , to 
which  all  thefe  Engines  belong,  it  is  nothing  but  a Wheel  or  Arbor 
furni fil’d  with  Handles,  (by  the  Latin  Writers  of  Mechanicks  call’d 
Scytala ) which  are  alfo  called  Logs  or  Leavers,  as  D d e f g L 
&c.  Fig.  IX.  and  apply’d  to  the  moveable  or  turning  Axis  A B,  not 
differing  elTentially  from  the  Windlafs,  and  confequently  not  from 
the  Multiplied  Leaver ; for  here,  alfo,  the  Hyfomochlion , or  Prop,  is 
the  Center  of  the  Cylinder  A,  or  the  Axis  A B,  the  Weight  being 
fufpended  at  D K,  which  is  the  fame  thing  as  if  it  was  fufpended  in 
EL. 

As  to  the  Proportion  to  be  obferved  in  the  Axis  in  T eritrochio , 
the  learned  Dr.  hVallis,,  in  his  Mechanicks,  cap.  7.  Drop.  r.  fays, 
that  as  the  Terimeter  of  the  Axis , to  which  the  JV eight  to  be  mov1 d. 
is  fixt , is  to  the  Terimeter  or  Circumference  of  the  outer  Orb  to 
which  the  moving  Force  is  apply’  dy  or  as  the  Diameter  or  Semidi- 
ameter of  one j is  to  the  Diameter  or  Semidiameter  of  the  other  ; fo 
vice  versa.,  is  the  moving  Force , to  the  CF eight  to  be  mov’d.  To 
fpeak  more  plainly,  in  the  Example  that  lies  before  us,  let  A E be 
the  Axis  or  Arm  to  which  the  Weight  to  be  moved  is  fixt,  which 
fuppofe  one  Foot  diameter,  then  confequently  the  outward  Axis  or 
Arm  A D is  three  Feet.  Now  if  the  Weight  to  be  rais’d  is  three. 
Hundred  Pounds,  the  Strength  that  raifes  it  at  that  Diftance,  be  it 
either  the  Weight  of  a Man,  or  any  other  accidental  Weight,  muff 
be  an  Hundred  Pounds. 

Of  the  Windbeam.. 

The  Windbeam  is  nothing  elfe  but  an  ereft.  ‘ Peritrochium , only, 
it  has  but  one  tranfverfe  Beam,  which  is  made  to  take  out  and  in 
at  Pleafure,  a Hole  being  made  through  the  Cylinder  for  that  Pur- 
pofe  ; to  the  two  Parts  of  this  Beam  DAD,  may  be  apply’d  the 
Force  of  feveral  Men  at  once,  (fee  Fig.  10.)  and  is  a very  well  known 
Engine  for  raifing  Corn  to  the  Tops  of  Houles,  the  taking  of  Tim- 
ber out  of  the  Water,  and  laying  it  on  Wharfs,  for  raifing  of  vaft: 
Stones  to  the  Tops  of  high  Buildings,  &c.  The  Strength  of  this 
tnftrument,  as  indeed  is  that  of  all  the  reft,  is  in  Proportion  to  the 
Weight  it  is  to  raife  or  let  down,  the  Length  of  the  Arm  or  Radius 
A D,  being  alfo  in  a due  (j.  c.  in  a triple)  Proportion  to  the  Semi- 
diameter  of  the  Afxis  A B. 

The 
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The  Crane,  or  Tread-wheel,  is  another  Sort  of  Peritrochium , or 
Wheel,  of  a large  Cavity,  in  which  a Man  at  L,  Fig.  XI.  is  endea- 
vouring to  climb  upwards ; the  right  Hand  turns  its  Ambit  round, 
and  at  the  fame  timewindeth  up  the  Rope  E F on  a cylinderical  Ax- 
is, which  being  more  and  more  fhortened,  and  brought  over  the 
Wheels  F and  G,  by  degrees  lifts  up  the  Weight  H,  which  being 
raifed  to  the  defired  Height,  (to  wit,  to  I)  the  whole  Frame  turns 
about  the  Center  K,  (both  Ways,  to  the  right  Hand,  or  the  left,  as 
Occafion  requires)  for  the  Conveniency  of  changing  the  Weight. 
To  eftimate  the  Power  or  Force  of  this  Engine,  you  are  to  ere£t 
L A perpendicular  to  the  horizontal  Semidiameter  of  the  Wheel, 
making  the  Proportion  thus ; as  A C is  to  C B,  fo  is  the  Weight  to 
be  rais’d  to  the  moving  Force. 

The  next  fort  of  Axis  in  Teritrochio  I fhall  mention,  is  a hori- 
zontal Wheel,  Fig.  VII.  which  was  heretofore  drove  by  the  Walk 
of  an  Ox  or  fome  other  Animal,  which  walks  upon  the  Wheel,  at 
leaft  endeavours  to  go  forwards  ; and  by  this  its  Endeavour  or  Stri- 
ving, it  drives  the  Wheel  backwards,  and  fets  the  whole  Engine  to 
work,  which  forces  up  the  Water  from  the  Bottoms  of  the  deepeft 
Wells,  to  a great  Height,  through  Tubes  that  are  furnifhed  with 
their  Buckets;  and  of  this  kind  alfo,  are  fuch  horizontal  Wheels  as 
are  drove  by  a running  Stream,  or  the  riling  and  falling  of  the  Tide. 
And  near  unto  it  are  thole  by  which  our  reverend  and  ingenious 
Mr.  Holland  and  others  draw  their  Water  out  of  the  deepeft 
Profundity,  only  the  Horfe  goes  in  the  Out-fide  of  the  Wheel, 
and  the  Wheel  turns  with  the  Horfe.  The  moving  Force  to 
raife  this  Water,  ought  to  be  fo  much  the  greater,  by  how  much  the 
higher  it  is  to  be  impell’d  or  forced  up  through  the  Tubes  or  Pipes 
from  the  Bottom  of  the  Well  above  its  Brink,  which  is  fometimes 
as  high  as  the  uppermoft  Stories  of  Buildings.  Thefe  are  to  be  ef- 
timated  alfo,  in  the  fame  Proportion  as  the  Line  A C,  Fig.  VII. 
which  reaches  from  the  Foot  of  the  Ox,  &c.  treading  on  the  Wheel 
to  the  Center  of  the  Axis,  hath  to  the  Semidiameter  of  the  Axis 
C B.  And  to  this  Place  alfo,  may  be  referr’d  other  fmall  Engines 
asTurnfpits,  and  the  like;  and  to  this  alfo  maybe  referred  the 
outmoft  Wheels  of  Water-Wind-Mills,  and  all  other  Mills  that  are 
work’d  by  Horfes,  as  before  ; which,  with  their  cylinderical  Axis’s, 
are  nothing  but  Windlalfes  or  Cranes,  accommodated  to  the  mo- 
ving of  the  reft  of  the  inner  Works,  which  being  turn’d  by  Horfes, 
or  the  Weight  of  Water  falling  upon  them,  or  the  Force  of  Water 
running  fwiftly  under  them,  drive  them  round,  and  are  by  fo  much 
the  more  powerful,  by  how  much  greater  the  Semidiameter  of  the 
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Wheel,  or  Length  of  the.  Leaver  is,  in  Proportion  to  the  Semi- 
diameter  of  the  Axis.  And  all  thele  kind  of  Engines  are  call’d  by 
the  general  Name  of  Budromia. 

Of  Cogg-Wheels. 

_Cogg- Wheels,  when  accommodated  to  their  Axis,  are  nothing 
cite  but  Wind  lades,  and  their  Coggs  the  Leavers  or  Handles  - to 
which  is  apply’d  a Mads  Hand,  for  the  moving  Force,  (if  there 
be  no  Water  or  other  Help).  The  Proportions  of  Cogg-Wheels  to 
raife,  or,  in  other  Words,  to  overcome  the  Refiftance  of  Weight  is 
alio  as  the  Semidiamemr  of  the  Axis  is  to  the  Semidiameter  of  the 
Wheel ; fo  that  by  the  Help  of  the  Cogg- Wheel  ADC,  Fig.  XIII, 
whole  Semidiameter  A C is  to  the  Semidiameter  of  the  Axis  A C,  as 
four  is  to  one.  So  that  a Man  whofe  Force  is  equivalent  to  an  Hun- 
dred Pounds,  turning  the  Wheel  A by  the  Handle  F,  which  Handle 
it  felt  alfo  adds  fome  Force,  but  is  here  to  be  neglected,  will  be  able 
to  raife  four  Plundied  Pounds.  But  if  to  this  Wheel  be  added  ano- 
ther indented  one  G,  whofe  Semidiameter  a c to  the  Semidiarneter 
of  the  Axis  (Allowance  being  made  for  Fridlion)  is  fuppofed  to  be  as 
three  to  one.  Thefe,  by  tripling  the  former  Force,  will  render  them 
fufficient  to  fulfain  twelve  Hundred  Pounds;  and  fo  the  Wheels  be- 
ing multiplied  on,  the  fame  Man,  or  the  fame  Strength  of  Water  or 
other  Force,  will  be  able  to  raife  more  and  more  Weight;  of  which 
Multiplication  of  Forces,  which  is,  as  it  were,  infinite,  Specimens 
enough  are  to  be  feen  in  all  Mill  and  Water-works. 

Of  the  Force  of  Bullies  in  the  lifting  mid  moving  vafi  Burdens  and 

Weights. 

As  the  Windlafs,  or  Teritrochmm,  and  the  like  fort  of  Cylinders 
turning  upon  their  Axis,  have  been  proved  in  the  preceding  Chap- 
ter to  have  the  Nature  and  Force  of  the  perpetual  Leaver  • fo  the 
Pulley,  which  is  a Wheel,  not  only  turning  about  its  Axis  but 
made  fo,  that  at  the  fame  time  it  is  drawn  up  by  the  Rope  or  Cord 
that  goes  round  it,  may  very  well  be  accounted,  (according  to  learn- 
ed Hialett)  an  Homo  dromons , Leaver,  or  Vetlis,  as  will°be  very  e- 
vident,  to  any  one  that  will  but  confider  it  well ; for  if  the  Cord 
which  is  put  over  the  Wheel  A F C,  be  faftened  at  one  End  in  D 
and  the  other  E,  be  drawn  upwards  by  fome  moving  Force,  fo  that 
at  the  fame  time  a Weight  fuipended  from  the  Middle  of  the  Wheel 
be  kept  in  Equilibrio,  it  is  apparent  that  the  moving  Force  is  ap- 
ply’d in  A by  one  of  the  Extreams  of  the  Leaver  A C,  the  other 
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Extream  refting  upon  the  fixt  Rope  or  Cord  D C.  And  laftly,  ~tis 
plain,  that  the  Weight  F will  be  fu'fpended  from  the  middle  Point  B, 
and  confequently  as  A C,  the  Diftance  of  the  moving  Force,  is  to 
.B  C,  the  Diftance  01  the  Weight  from  the  fame,  viz.  as  one  is  to 
two  ; fo  reciprocally  the  Weight  to  be  mov'd  or  fuftain’d  F,  will  be 
to  the  Force  fuftaining  it  in  E,  viz.  as  an  Hundred  Pounds  is  to 
fifty. 

Now  there  are  two  Things,  efpecially,  to  be  taken  notice  of  in 
relation  to  the  Axis  in  Beritrochio,  and  the  prefent  Pulley  ; the  fir  ft 
is,  that  the  Center  C is  the  Hypomochlion , the  Weight  to  be  rais’d 
hanging  fi  om  its  Periphery,  or  Circumference  ; on  the  contrary, 
here  the  Center  C fuftains  the  Weight,  the  Hypomochlifffo  being  in 
the  Peiiphery  of  the  Wheel,  is  in  the  iecond  Place  moveable,  together 
.with  the  Weight,  by  this  Means  procuring  a Perpetuity  of  the  Attion 
m the  Vecris  ABC,  quite  after  another  Manner,  with  half  the 
Force,  which  other  wife,  without  this  Application,  could  not  be 
cone,  i ow  if  this  Pulley  be  hxt  from  above,  it  will  afford  no 
Help  towards  the  lifting  the  Weight-  for  if  the  Pulley  A B D Fir, 
6.  No  2.  be  fuppos’d  to  be  fixt  from  above,  being  only  moveable 
. C®nter  Q the  moving  Force  at  E mull  be  equal  to  the 
Weight  it  felf;  becaufe  the  Hypomochlion  in  this  Cafe,  is  in  the  Mid- 
die  at  C,  and  confequently  the  moving  Force  and  Weight  is  equi- 
dilfant  from  it,  as  in  the  Ballance  ^ which  very  Thing  happens  in  the 
p1  indlafs,  it  the  Weight  A E to  be  kept  or  rais’d  up,  be  hanged,  not 
front  the  Extremity  of  the  Axis  B,  Fig.  VII.  which  is  a much  lef- 
fer  Diftance,  but  from  the  Extremity  of  the  Wheel  at  the  Diftance 
A a,  which  is  equal  to  the  other  A D. 

Now,  again,  in  relation  to  the  Pulley  G,  Fig.  XV.  in  its  Combi- 
nation with  the  lower  one  A,  it  is  to  he  noted,  that  the  lower  one 
only  has  the  Ratio  of  a mechanical  Power,  by  whofe  Media- 
tion it  is,  that  a fingle  Force  will  be  able  to  fuftain  a double  Wemht 
by  the  alorefaid  Ratio  ; but  the  upper  Wheel  is  of  little  Ufe,  only 
by  its  Volubility  and  Pofition,  it  facilitates  the  drawing  of  the  Rone  - 
^r  incV  le  f n,  whxch  is  fuppofed  to  be  drove  hard  into  a 
Wad,  and  by  whofe  Help  the  Part  of  the  Rope  D C fuftains  or  holds 
un  one  half  of  the  Weight  ; juft  as  if  a Man  held  it  up  with  b% 
Hana,  the  moving  or  fuftaining  Force  E G A,  muft  of  Neceffity 
bear  up  the  other  Half.  - 

The  laft  Example  I fhall  produce  under  thefe  Heads,  is  an  Exam- 
Re  o;  accelerated  Motion  from  the  Combination  of  three  or  four 
,^he  ^vention  of  tlie  ingenious  T.  Bettinus  y by  the  Help 
'''  a Bucket,  Fig.  XY.  may  be  brought  to  the  Fop  of  a Well 
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in  half  the  Time  which  the  common  way  requires  in  doing  it.  If 
the  Rope  or  Chain  E T,  to  which  the  moving  Force  is  apply’d,  be 
not  immediately  faftened  to  the  Pail  or  Bucket,  but  to  the  Pulley 
B A,  which,  by  the  Aftiftance  of  the  Rope  D B A G,  faftened  a 
little  above  the  Well  at  D,  fuftains  the  Bucket  fo  that  the  Water 
may  eaftly  enter  into  it,  and  be  drawn  up  by  it;  for  while  the  Cen- 
ter of  the  Pulley  C is  raifed  up  to  f,  ’tis  very  evident,  that  the  Buc- 
ket G muft  at  the  fame  time  be  raifed  through  double  that  Space  to  gy 
becaufe,  fince  the  Space  E c by  this  Hypothefis  is  equal  to  the  Rope 
A G,  and  A B,  the  Pulley  doth  fo  much  fhorten  the  Rope  in  its 
Afcent,  its  other  Part  DBA  being  at  the  fame  time  fo  much  leng- 
thened ; it  will  neceffarily  follow,  that  in  the  Pofition  of  the  Pulley 
a c b,  the  Rope  A G will  be  quite  wound  up,  and  that  the  Bucket 
G will  be  drawn  up  clofe  to  it : But  here  it  is  equally  manifeft,  that 
the  Strength  or  Force  at  E muft  be  doubled;  for  the  Pin  or  Nail  D 
will  always  refift  the  drawing  Force,  as  much  as  the  Weight  of  the 
Bucket  is,  which  is  fufpended  by  it,  which  therefore  does,  as  it  were, 
draw  it  downwards  with  an  equal  Weight.  Nor  will  it  be  difficult 
from  the  foregoing  Author,  to  understand  after  what  Manner  (the 
intermediate  Pullies  being  thus  multiplied)  a given  Weight  may  be 
raifed  to  any  given  Height  in  a given  Time:  But  at  prefent  this  fhall 
fuffice. 

Dr.  Wallis’j  Account  of  Cogg  and  Complicated  Wheels. 

To  finilh  what  I have  to  offer  in  this  preliminary  Account  of  Ma- 
chines, I fhall  add  Drop.  3.  cap.  7.  of  the  learned  DoHor’s  Mecha- 
nicks,  whom  we  have  Occafion  fo  often  to  mention,  as  it  will  put 
the  Principles  of  Mechanical  Hydraulicks  into  the  propereft  Light 
of  any  yet  produc’d. 

Let  the  Center  or  Axis  of  Motion  be  C,  the  Tympan  or  Wheel 
C A,  which  being  dafh’d  upon  with  the  Current  of  a River  at  A, 
turns  the  Wheel  round  ; and  let  there  be  to  the  fame  Axis  of  Motion 
C,  a leffer  cogg’d  or  tooth’d  Wheel  C B,  which  being  joined  with 
the  former,  are  mov’d  jointly  together,  as  if  it  were  about  one 
common  Axletree  ; and  let  C B be  to  C A as  a is  to  b , or  as  one  to 
three.  The  Force  then  in  A,  according  to  Drop.  1.  of  this  Chap- 
ter, will  be,  therefore,  to  B,  as  b is  to  a,  or  as  three  to  one  ; and 
therefore  one  Ounce  in  A will  equipoife  three  Ounces  in  B. 

Moreover,  with  the  Center  or  Axis  of  Motion  D,  let  there  be 
another  Wheel  D B,  fo  dentated  or  tooth’d,  and  fo  fitted,  that  its 
Teeth  may  agree  with  the  Teeth  of  the  Wheel  C B,  and  fo  wrought 
into  them,  that  by  their  Help  the  Wheel  P B may  be  turn’d  about 
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its  Center  or  Axis  D,  _and  let  them  fo  fit,  that  the  Number  of  Teeth 
of  the  Wheel  D B be  in  the  fame  Ratio  to  the  Number  of  the  Teeth 
in  the  Wheel  C B,  that  is,  the  Ambit  or  Circumference  of  one,  ’be 
in  Proportion  to  the  Ambit  or  Circumference  of  the  other,  and  the 
Radius  of  one,  to  the  Radius  of  the  other;  and  let  there  be  about 
the  fame  moving  Axletree  D,  a leffer  Orbit  or  Wheel  D E,  which 
may  move  jointly  about  with  D B,  which  fhall  be  as  a Windlafs 
whereon  the  Rope  fhall  be  wound,  and  let  the  Radius  D B be  to 
D E,  as  c is  to  b,  fuppofe  as  four  to  one,  the  Force  therefore  in  B, 
will  be  equal  to  that  in  E,  in  Proportion  as  c to  or  as  four  to  one! 
And  therefore  a Quarter  of  a Pound  in  B,  will  have  the  fame  Force 
as  a Pound  in  E.  And,  as  is  juft  now  fhewn,  one  Ounce  in  A drives 
lour  in  B ; and  therefore  the  Force  of  one  Ounce  in  A,  will  fuftain 
the  Weight  of  a Pound  in  P,  and  the  fame  Force  will  move  or  raife 
it,  being  never  fo  little  encreas’d. 

But  it  that  Weight  does  not  depend  dire&Iy  from  Eto  P,  but  re- 
mains on  an  oblique  Plane  T O in  n,  that  Weight  that  is  in  n,  will  be 
to  that  in  P,  and  wilt  ponderate  in  the  fame  Ratio  as  F I,  (a  Perpen- 
dicular of  equal  Height)  will  with  T O,  fuppofe  as  c to  d , or  as  three 
to  four.  Therefore  when  the  Force  in  A will  draw  or  drive  twelve 
in  P,  it  will  draw  fixteen  in  rr. 

And  from  this  Form  of  all  Kinds  of  Machines,  (fays  this  learned 
Author  in  lus  Scholium  on  this  Propofition)  it  is,  that  a Judgment 
may  be  made  how  all  Sorts  of  Clockwork  and  other  Inftruments  of 
tins  kind,  that  are  compos’d  of  dentated  or  (in  plain  Words)  Cogg 
Wheels,  are  made,  efpecially  that  Clock  which  Tappus  defcribes  out 
of  Hero  Alexandrians ^ lib.  8.  pro.  io.  of  his  Cohesion. 

And  from  this  it  is.,  amongft  many  other  Obfervations  for  com- 
mon Ufe,  that  which  Ariftotle  touches  upon  in  the  ninth  Queftion 
of  his  Mechanicks,  and  which  I have  elfewhere  hinted  at  that  large 
Wheels,  Cylinders,  Tympans,  Spheres,  ©t*.  move  with  more  Eafe 
than  fmaller  ones,  which  we  often  fee  happens  in  Chariot  or  Coach 
Wheels,  in  Spheres  and  Cylinders  that  are  ufed  on  the  Ground  in 
the  Pullies  or  Wheels  of  the  Windlafs,  and  the  like. 

Certainly  fo  it  is  in  all  Water  Engines,  where,  if  they  be  not 
too  wide,  lefs  Water  and  lefs  Weight  will  do  than  is  requir’d  to  drive 
lower  Wheels,  and  fuch  Wheels  will  perform  their  Office  much  more 
regular  and  better,  as  all  that  have  been  converfant  in  the  Coal-works 
of  Northumberland , 1 Durham , and  other  Places,  can  teftifv  • but  of 
that,  more  in  its  proper  Place.  y ’ 

And  here,  by  the  Way,  I cannot  but  obferve,  that  wherever  your 
Head  can  t be  made  high,  and  you  have  not  a great  Strength  of  Wa- 
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ter,  why  this  very  multiplied  Wheel  may  not  fupply  that  Deleft 
for  if  by  this  little  Combination  of  mechanical  Powers,  there  can 
be  three  Times  the  Weight  rais’d  or  forc’d  as  can  be  in  a fimple  En- 
gine ; fuppofe  the  Diameter  of  the  fir  ft  Wheel,  what  additional 
Strength  may  net  be  added  by  the  other,  fo  as  by  a little  Water  to 
force  it  up  very  high  in  tuberous  Pipes  ? But  this  only  en  faff  ant. 

To  conclude  this  Account  of  Mechanicks,  and  the  Neceffity  there 
is  for  every  one  that  would  inform  himfelf  well  concerning  Ma- 
chines ; I have  inferted  what  precedes  and  follows  in  this  Account, 
as  neceffary  to  be  known  concerning  Engines  and  Mill-Wheels  in 
general.  What  has  hitherto  been  fet  down,  having  chiefly  had  re- 
lation to  the  Proportion  which  the  Perimeter  of  the  Axis  of  the 
Wheel  has  to  the  Perimeter  of  the  extream  Orb  to  which  any  Force 
is  join’d,  or  that  the  Semidiameter  of  the  one  has  to  the  Semidi- 
ameter of  the  other,  for  their  better  Force  in  moving  great  Weights, 
as  alfo,  of  the  Power  of  Multiplying  Wheels  to  that  Purpofe  ',.and 
before  I quit  this  Doftrine  of  the  Rowl  or  Wheel  in  the  Axis  in 
1 Teritrochio , it  may  not  be  improper  to  fubjoin  fome  Speculations 
concerning  thefe  rotund  Machines  or  Inftruments,  that  our  Calcu- 
lations on  this  Head  may  be  the  more  intelligible,  and  better  under- 
flood. 

The  general  Obfervation,  before-mention’d,  and  which  Ariftotle 
in  the  ninth  Queftion  of  his  Mechanicks  touches  upon  ; that  Large 
Wheels, Cylinders,  and  Spheres, move  with  more  Eafe  than  fmallones, 
is  here  more  particularly  handled,  and  as  there  will  be  Occafion  to  li- 
mit this  extenfive  Pofition,  and  to  produce  it  in  the  heft  Light  we  can, 
let  us  bring  it  to  its  firft  Principle,  and  fuppofe  that  a Cylinder,  fuch 
as  Ariftotle  calls  the  Scytalis,  or  Rowler,  that  is  us’d  in  Gardens,  or 
for  the  fmoothing  of  any  Piece  of  rough  Ground  ; fuch  as  is  in  Fig . 
i.  Tab.  Seq. 

If  the  Weight  and  Length  of  the  Cylinder  be  equal,  though  the 
Diameter  be  more  in  the  one  than  in  the  other,  it  is  plain,  from  e- 
very  Day’s  Experience,  that  you  may  rowl  the  larger  with  more 
Eafe  than  you  do  the  letter ; becaufe,  in  the  firft  Place,  the  Center 
of  the  large  Cylinder  is  higher  from  the  Plane  of  the  Earth  than  the 
fmall  one  is,  and  confequently  a Man  or  a Horfe  pulls  at  it  with  the 
create r Advantage,  the  Vis  Motrix  or  Strain  being  nearly  horizontal 
to  his  Hands.  But  this,  I fay,  is  when  the  two  Cylinders  are  made 
of  different  Materials,  the  one  of  Wood,  and  the  other  of  Stone  or 
Lead,  of  equal  Length  though  of  different  Diameters.  And  this 
is  agreeable  to  what  the  learned  Wallis,  Frop.  i.  cap.  7.  oi  his  Me- 
chanicks, fets  down  5 where,  treating  of  the  Axis  in  Teritrochio , 
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from  which  this  Figure  is  taken,  it  is  evident,  that  the  Force  of  the 
Pulley  is  nearly  horizontal,  at  moll  not  above  five  Degrees  from  it ; 
for  if  the  Rope  at  P were  faftened,  in  order  to  be  wound  up  more 
towards  B,  the  higher  you  go,  the  more  Difficulty  you  would  meet 
with  in  drawing  the  Burden  N R S on. 

And  this  is  farther  agreeable  to  what  the  aforefaid  learned  Gentle- 
man has  fet  down  in  Trop.  3./.  627.  of  the  fame  Mechanicks; 
where  he  tells  us,  that  if  the  Axis  of  a fore  Wheel  was  as  high  as 
the^ Bread:  of  a Horfe,  the  Draught  Line,  to  which  the  Force  is  ap- 
ply’d,  would  be  horizontal,  and  conlequently  the  Motion  and  Thing 
to  be  moved  direft,  becaufe  they  are  level  ; but  that  a Coach 
or  Cart  mull  afcend  and  defcend  great  Hills  and  Mountains,  ( Vid . 
Fig.  2.  T O P)  it  is  necelfary  that  the  fore  Wheel  be  lower  than 
the  hind  ones,  ( which  is  not  fo  much  us’d  in  Holland  and 
other  level  Countries,  as  in  England ))  for  that  the  Draught  fhould 
be  rather  parallel  to  the  Hypothenufe  or  Acclivity  of  the  Hill,  than 
to  the  Horizon  ; becaufe  the  Draught  of  the  one  is  much  eafierthan 
the  Draught  of  the  other  ; but,  generally  fpeaking,  the  Harnefs  be- 
ing to  much  lower  than  the  Breaft  of  the  Florfe,  he  may  be  faid  not 
only  to  draw.,  but  alfo  to  elevate  or  lift  up  the  Weight  which  is  be- 
hind him.  But  of  this  only  en  pajjant,  it  not  being  of  any  great 
Conlequence  in  the  Demonftration  of  what  we  are  upon. 

Again,  this  Difficulty  or  Difproportion  in  Wheels,  S>c.  whether 
for  Water,  or  heavy  Land  Carriage,  on  low  Wheels  rather  than 
high,  is  occafioned,  as  W allis  will  have  it,  from  the  Friflion  of  the 
Axis  or  Axletrce  in  the  Box  ; or,  in  other  Words,  the  Adhefion  of 
the  Iron  in  the  Axletree,  to  that  which  is  in  the  Bore  or  Box,  cau- 
fed  by  the  heavy  Weight  or  Burthen  that  is  laid  upon  it ; and  this 
is  the  Reafon  that  Arifiotle  affigns,  (in  the  nth  Queftion  of  his  Me- 
chanicks) why  Rowls  that  lie  plain  on  the  Ground,  can  carry  greater 
Weights,  (as  in  the  . moving  of  Barns,  and  other  Edifices  it  is  vi- 
fible,)  than  Wheels  will;  to  wit,  from  the  Fri&ion  that  is  in  the 
Axletree  ; for  at  the  fame  time  that  the  Weight  lies  upon  the  whole 
Cylinder,  it  there  refts  upon  fo  fmall  a Part  as  the  Axletree 
only,  which  makes  the  Rotation  fiiff,  but  in  the  Rowl  it  is  not  fo. 

And  of  this  Opinion  alfo,  is  our  oft-quoted  JVallis^Trop.  5.  cap.  7. 
p.  625.  of  his  Mechanicks  before-mentioned;  where,  treating  of 
the  Axis  in  Teritrochio,  he  has  thefe  Words,  To/ltd  nempe  eadem 
utrobique  Axis  magniindine 3 quod  frichonc  oritur  impediment  urn, 
&c.  of  which  a larger  Account  may  be  feen  under  the  Head  of  Fric- 
tion. And  this  is  the  Reafon,  fays  he,  that  the  Axletrees  and  Wheels 
oi  Coaches  and  Waggons,  when  they  are  fmaller,  wear  out,  and  re-  ' 
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quire  to  be  oftenet  repair’d,  than  thofe  that  are  larger,  from  a Rea- 
fon  obvious  to  the  rnoft  incurious  Obferver  j to  wit,  irom  the  Sraall- 
nefs  of  the  Wheel,  the  Rotation  of  which  is  the  oftener  repeated,  and 
confequently  the  Friftion  and  Wear  alfo,  the  Body  refting.  thereupon 
being  of  an  equal  Weight,  though  not  of  an  equal  Diameter  or 
Bulk  ; and  for  that, alfo,  as  the  learned  Wallis  has  it  in  his  Account 
of  the  Difference  of  Wheels  for  Carriage,  Trop.  3.  cap.  7.  of  his 
Mechanicis  Cognat  is,  that  the  incumbent  Weight  being  greater  on 
the  lower  Wheel  than  on  the  higher,  it  preffes  the  harder  upon  it 
as  is  demonftrated  in  his  Treatile  de  V ?£ie,  cap.  6.  where  the  Leaver 
being  placed  on  two  Fulcrums  or  Props  ot  unequal  Heights,  the 
Preffure  is  unequal  alfo,  preffmg  much  more  on  the  lower  or  hinder 
one,  than  it  does  on  the  fore  or  higher  one.  And  the  fame  ingenious 
Author  adds,  that  it  is  not  (as  may  be  by  fome  fuppos’d)  by 
the  fore  Wheels  of  a Coach  or  Cart’s  being  lower  than  the  hindei, 
that  is  an  Advantage  to  it  on  account  of  the  Weight  pufhing  the 
fame  forwards  ; but,  on  the  contrary,  a Difadvantage,  in  crufhing 
the  fore  Wheel,  the  Ufe  of  which,  by  that  Lownefs,  is  only  dclign- 
ed  for  turning  the  fhorter  upon  all  Occafions,  and  not  for  the  Dif- 
charge  of  the  fuperincumbent  Weight,  or  to  facilitate  its  Paffage 

forwards.  , . , 

This,  and  much  more,  might  be  producd,  to  lhew  the  Advan- 
tage there  is  in  large  Wheels  more  than  is  in  fmall  ones.  But,  on 
the  other  Hand,  though  this  may  happen  in  fmall  Bodies,  as  Row- 
lers  &c . yet  if  we  confidcr  the  Rcfiftajice  or  Au9  it  is  evident^  that 
the  Greater  Circumference  a Wheel  is  of,  fo  much  the.  larger  Portion 
of  Air  it  has  to  contend  with,  and  confequently  the  greater  is  the 
Fri&ion  or  Refiftance  that  muff  unavoidably  flop,  at  leaf:  much  hin- 
der the  Rotation  of  the  Wheel,  and  muff  be  the  Occafion  that  large 
Wheels  move  with  much  more  Difficulty  on  that  Account,  than 
fmall  ones  do  ; and  this,  amongft  many  other  Reafons,  feems  to  be 
one  why  they  have  chang’d  fo  many  large  Wheels  as  they  have,  in 
the  Cloathing  Mills  about  Bo  king  and  Braintree  in  Etfex,  for  thofe 
that  are  of  a lefs  Diameter.  But  this  is  of  no  great  Account. 

And,  after  all  the  Reafonings  that  may  be  on  this  Subjett, 
(according  to  the  Theorems  and  Experiments  touching  the  VeUtis  or 
Leaver)  certain  it  is,  that  a large  Wheel  will  lift  up  a great  deal  more 
Water  than  a fmall  one  ; becaufe,  it  is  plain,  in  the  Cafe  of  the  Vec- 
tis  or  Leaver,  which  is  the  Original  of  all  Machines,  the  fatthet 
you  place  your  Vis  Motrix , or  moving  Force,  from  the  Center,  by 
fo  much  the  more  is  your  Power  encreas’d  which  is  to  raife  any 
Body,  whether  a Fluid  or  a Solid  ; though  it  may  true,  that  little 
n Wheels. 
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Wheels  that  are  broad,  may,  by  the  impulfive  Force  of  Water,  effeft 
the  fame  Things  as  larger  Wheels  that  are  narrower. 

Again,  in  relation  to  Wheels,  and  their  different  Sizes  and  Pofi- 
tions,  it  is  very  certain,  overfhot  ones  are  the  beft,  efpecially  where 
there  is  but  little  Water  to  drive  them  ; for,  as  has  been  elfewhere 
obferved,  in  the  Crane,  or  Tread-wheel.  See  one  of  the  Figures 
in  the  foregoing  Table,  where  a Man  is  endeavouring  to  climb 
up,  if  his  Weight  were  at  A,  inftead  of  tf,  and  touch’d  the  Orbit 
of  the  tangent  Line  direftly,  rather  than  obliquely,  the  Wheel 
would  move  with  the  more  Velocity,  and  conlequently  elevate 
the  more  Weight,  by  how  much  more  the  Water,  or  any  impel- 
ling Force,  falls  into  the  Top  of  the  Wheel  at  C,  where,  by  un- 
doubted Experiments,  it  has  fix  Times  the  Force,  and  will  confe- 
quently  raife  fix  Times  the  Weight,  or,  in  other  plainer  Words,  a 
fixth  Part  of  the  Water  will  drive  an  overfhot  Mill,,  as  will  drive  an 
underfhot  one  ; and  the  true  Reafon  why  there  are  not  more  over- 
fhot Wheels,  is,  that  in  moft  Places,  efpecially  in  fiattifh  Meadows, 
the  Mill-Pond,  or  Head  of  Water,  cannot  be  well  rais’d  above  four 
or  five  Feet  high,  at  moft ; and  as  in  thofe  Places  likewife,  there  are 
great  Quantities  of  Water,  (even  to  a Superfluity)  there  the  great 
Wafte  of  Water  can’t  be  difcern’d,  which  it  otherwife  would,  were 
it  to  depend  on  a fmall  Rivulet  or  Spring.  No  overfhot  Wheel 
ought  to  be  lefs  than  from  fix  or  {even  Feet  Diameter,  to  eight,  ten, 
or  twelve  ; though  as  to  Mines,  efpecially  at  Lumleji-Caftle  in  the 
Bifhoprick  of  'Durham , there  is  one  of  twenty  eight  Feet.  And  this 
naturally  leads  me  to  what  I have  been  all  along  aiming  at. 


CHAP.- 
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CHAP.  XXII, 

Of  the  Siphon,  and  other  Artificial  Fountains  and 

Jets  of  Water. 

H E Siphon  was  undoubtedly  the  chief  Inftrument 
known  in  the  firft  Ages  of  the  World  (befides  the 
Draw-Well)  for  the  raifing  of  Water  : And  fo  great 
was  the  Veneration  and  Elfeem  they  had  for  that  In- 
ftrument, that  the  Tlatonick  Philofophers  (as  I find  it 
in  Booklet'')  afferted,  that  the  Soul  fhould  partake  of 
the  Joys  of  Heaven  as  thro’  a Siphon.  But  this  (fays  he)  was  rather 
parabolically,  than  really  fpoken.  And  Theophrajlus , an  eminent 
Phyfician  of  Antiquity,  fays,  that  the  Marrow  being  thus  drawn  up 
thro’  the  Bones,  caufes,  as  it  were,  a kind  of  Corruption  of  that 
moift  and  vegetative  Matter  which  is  inherent  in  its  Nature.  From 
whence  Collumella , a noted  Philofopher  and  Gardener  amongft  the 
Ancients,  alferts,  that  Vegetables  draw  their  Nourifhment  thro’  the 
Stalks  and  Stems  of  Shrubs,  as  it  were  through  a Siphon,  and  that 
this  Procefs  is  underftood  to  be  effeded  rather  diredly  than  oblique- 
ly ; for  when  the  Sun,  by  its  long  Heat,  has  drawn  up  a great  deal 
of  Moifture,  left  there  fhould  remain  any  vacuate  Space  within 
the  Cavity  or  Siphon  of  the  Stem,  the  remaining  Part  of  the  Water 
is  turn’d  into  Air. 

To  this  Purpofe  alfo  Mr  .Bradley,  in  his  New  Improvements  in 
Planting  and  Gardening 3 has  a very  pretty  Conceit. 

But  not  to  detain  my  Reader  any  longer.  The  induftrious  Oza- 
nam , in  his  Cur fus  Mathematicus , Chap.  7.  Plate  13.  gives  an  Ac- 
count of  feveral  Engines  whereby  Water  is  to  be  rais’d,  fuch  as  the 
Windmill,  the  Limace  or  Screw  of  Archimedes,  and  others,  which 
I ftiall  exhibit  in  their  proper  Places.  And  the  firft  Machine  I fhall 
begin  with,  is  this  Siphon  ; the  Effeds  whereof  are  fo  well  deferib’d 
by  the  learned  Gravefande , Cap.  16.  Book  2.  of  his  Elements  of 
Natural  Philofophy. 
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Experiment  i.  Figure  3.  Tab.  Seq. 

Let  (fays  lie)  one  End  a of  the  Curve  Tube  a s b be  immergM 
Into  Water,  whilft  the  other  End  b defcends  below  the  Surface  of 
the  Water.  If  by  Sucking,  or  any  other  Way  the  Air  be  taken  out 
of  this  Tube,  the  Water  will  run  thro’  and  this  Inftrument  we 
call  a Siphon. 

This  EffeiT  arifes  from  the  PrelTure  of  the  Air  that  drives  on  the 
Water,  which  is  in  the  Siphon  by  its  Weight  on  the  Surface  thereof 
in  the  VelTel.  The  Air  alfo  prelfes  on  the  Water  that  goes  out  of 
the  Orifice  £,  and  fuftains  it.  Thefe  Preflures  are  equal,  and  aft 
contrariwife  in  the  upper  Part  of  the  Siphon,  without  a Force  equal 
to  the  Weight  of  the  Atmofphere  (as  has  been  elfewhere  declar’d) 
taking  away  the  Weight  of  the  Pillars  of  Water,  which  are  fuftain’d 
by  this  PrelTure. 

The  Pillar  of  Water  in  the  Leg  s b is  longer  than  the  oppofite 
Pillar  of  Water  •,  therefore  the  like  PrelTure  of  Air  is  more  diminifh’d 
on  the  Side  b s , and  the  oppofite  PrelTure  overcoming  it,  the  Water 
flows  towards  b. 

Experm.  2.  Fig.  4. 

The  Siphon  abovemention’d  has  this  Inconveniency,  that  if  it 
once  ceafeth  to  work,  the  Water  will  not  run  again,  unlefs  the  Air 
be  drawn  out  of  the  Tube  again  afrefh.  But  this  may  be  correfted 
by  making  a Siphon,  as  in  the  Figure  a s b,  whofe  Legs  are  equal 
and  turn’d  up  again  ; for  if  the  Siphon  be  fill’d  with  Water  and 
one  Leg  be  immers’d  therein,  To  that  the  Surface  of  the  Water  may 
be  above  the  Orifice,  then  the  Water  will  run  thro’  the  other  Le^ 
for  the  Reafon  given  in  the  Explication  of  the  former  Experiment- 
fince  the  Legs  are  return’d  upwards,  the  Siphon  will  not  be  empty’d 
when  the  running  out  of  the  Water  ceafes,  and  fo  the  Siphon  being 
once  fill’d,  is  always  ready  to  work  its  Effect ; the  Water  running 
forwards  and  backwards  thro’  it,  according  as  it  is  higher  on  the  one 
Side  than  on  the  other. 

Vide  Fig.p.  Tab.  Seq .]  Upon  the  fame  Principles,  as  the  aforegoing 
Machines,  is  contriv’d  the  Siphon  for  railing  Water  into  a Cittern, 
The  Effefl  of  which  is  feen  by  the  help  of  a Machine  made  up  of 
two  hollow  Glafs  Balls  H and  I,  which  are  join’d  together  by  the 
Tube  C D E,  the  Ball  I communicates  with  the  Water  to  be  rais’d 
up  by  the  means  of  the  Tube  A Bj  which  comes  up  almoft  to  the 

top 
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top  of  the  Ball  ; to  the  Ball  H at  the  lower  part,  is  join’d  the  Tube 
F G,  as  long  as  the  whole  Tube  A B. 

The  Ball  H mud  be  fill’d  without  Water  thro’  a Hole  by  a Fun- 
nel, and  then  the  Hole  mud  be  fhut  up  clofe.  And  in  fuch  Ma- 
chines as  are  apply’d  to  ufe  for  railing  Water  out  of  a Refervoir  that 
contains  it,  the  Water  is  brought  into  the  VelTel  H,  and  the  Commu- 
nication between  the  Velfel  and  the  Refervoir  is  fhut  up  with  aCock. 

Experiment  3.]  Opening  the  Cock  G,  the  Water  will  run  out 
that  Way,  and  the  Water  will  afcend  thro’ the  Tube  A B,  up  into 
the  Velfel  I ; which  being  fill’d,  the  Water  is  differ’d  to  run  away 
to  the  Place  where  you  would  have  it,  and  by  repeating  the  Opera- 
tion, the  Elevation  of  the  Water  continues. 

Opening  the  Cock  G,  the  Air  preffes  againd  the  Water  going 
out  of  the  Tube  F G • the  Air  alio  preffes  upon  the  Water  in  the 
Refervoir,  and  iudains  that  which  is  in  the  Tube  A.  B.  Thefe  Pref- 
fures  are  equal,  and  if  you  take  from  the  Columns  of  Water  which 
they  fudain,  you  will  have  the  Forces  by  which  they  aft  upon  the 
Air  contain’d  in  the  upper  part  of  the  Veffels,  and  the  Tube  C D E, 
the  Pillar  F G,  becauie  there  is  luperadded  to  it  the  Height  of  the 
Water  in  the  Veffel  H,  does  always  overcome  the  Column  in  the 
Tube  A B,  as  being  longer;  therefoie  the  Preffure  at  G is  lefs  di- 
minifh’d  than  the  other,  and  fo  is  overcome  by  it,  and  therefore  the 
Water  mud  rife  in  the  Tube  A B,  and  delcend  down  F G. 

Of  the  Limace  or  Screw-Engine. 

This  Engine  was,  as  fome  fay,  fird  invented  by  Archimedes  (though 
Vitruvius , who  gives  an  Account  of  it,  does  not  mention  the  Au- 
thor,) for  the  Benefit  of  the  Egyptians  when  they  were  overflow’d 
by  the  River  Nilas , and  is  amongd  the  Number  of  thole  that  are 
mention’d  in  the  beginning  of  this  Account  of  ancient  Engines. 

The  Hollanders  have  long  ago  (as  fome  Books,  that  I have  feen 
of  theirs  of  Fortification,  intimate)  us’d  them  in  draining  their  mo- 
raffy  and  fenny  Ground  ; from  whence  they  have  been  brought  into 
England, , and  us’d  in  the  Fenns  of  Lincolnfhire , Cambridge/hire , 
and  other  low  Countries,  efpecially  in  the  clearing  of  their  Dykes, 
and  to  make  room  for  their  Labourers  to  work.  It  is  of  admirable 
Ufe  in  drawing  the  Water  out  of  Fifh-Ponds,  where  there  is  little 
or  no  Current,  in  order  to  the  taking  out  the  Fifh  and  cleanfing  the 
fame.  And  in  Oxfordjhire , as  is  elfewhere  intimated,  they  ufe  them 
in  watering  their  Meadows,  where  the  Level  or  Courfe  of  their  Ri- 
vers lie  too  low  to  float  them  by  Nature. 
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Fig.  1 . in  the  next  Table  but  one,  there  is  a Cutt  of  that  Engine 
the  Defcription  of  which  take  as  follows.  In  the  firft  Place  there  is 
aRaftei  10,  12,  14,  1 <5,  18  or  20  Foot  long,  as  you  have  Occafion 
to  elevate  your  Water,  though  the  latter  require  Horfes  to 
work  them,  but  the  firft  may  be  wrought  by  Men.  This 
Rafter  or  Piece  of  Wood  may  be  alfo  from  10,  12,  14,  16  18  or 
20  Inches  Diameter,  according  to  the  Length,  allowing  an  Inch  in 
Diametei  to  a Foot  in  Length,  and  it  muft  be  made  round,  only 
about  a Foot  and  a Half  is  to  be  fquare  at  Top,  on  which  is  fix’d  a 
I run  die  Wheel. 

Ai  each  End  of  this  Rafter  or  Wheel-tree  is  an  Axis  or 
Gudgeon  of  Iron  as  the  Mill-wheel  has,  for  the  Engine  to  turn 
upon  ; then  within  three  Quarters  of  the  lower  End  there  is  a 
Regal  or  Groove,  which  muft  be  made  in  the  Wheel-tree  half 
an  Inch  deep,  to  fix  the  Boards  in,  and  carried  fpiral  in  the 
a.  skrew  (which,  as  Vitruvius  mentions,  fhould  be  made 
the  Redangle  of  Pythagoras  ) or  like  a winding  Pair  of  Stairs, 
fot  fo  it  will  appear  ; next  you  muft  take  deal  Boards,  they  being 
the  hghteft,  18  Inches  long ; the  one  End  of  them  is  to  be  fix’d  in 
the  Groove  with  Pitch  and  Taw,  to  prevent  the  Water  getting  in 
between,  and  then  this  feeming  Stair-Cafe  is  to  be  cover’d  over 
with  Deal  Boards  which  are  to  be  pitch’d  or  painted,  and  the 

abomh.Tf  aStaTU’ kaf6  1S  an  5°  Tbe  grOOV’d  into  th°fe  Boards, 
about  half  an  Inch  deep,  and  the  Joints  pitch’d  as  before,  and  af- 

ter^that  covei  d with  Iron  Hoops,  fet  at  every  two  or  three 

Banel.affUnder’  WhlC1  makeS  “ 3ppear  Hke  a long  Cylinder  or 

Those  of  the  fmalleft  Kind  that  are  work’d  by  Men  have 
only  an  Iron  Handle  as  a Grinding-ftone  has,  but  the  largeft 
that  are  wrought  by  Horfes  have  a Wheel  like  the  Cogg- wheel 
of  a Horfe-mill,  only  the  Coggs  ftand  downwards ; and  it  is 
drawn  by  one  two,  or  three  Horfes,  as  there  is  Occafion  Planks 
being  plac’d  for  them  to  go  upon.  Ks 

The  Bottom  of  this  Engine  is  plac’d  in  the  Water,  the  nether 
Gudgeon  running  in  a Piece  of  Timber  plac’d  for  that  Purpofe 
in  the  Water  the  Engine  lying  fideways;  the  upper  Gudgeon  is 
likewfte  plac  d in  the  Engine  very  truly ; fo  that  the  Cogwheel 
iTOy  tuin  about  the  Engine,  and  at  the  upper  End  of  the  Barrel 
o t ns  nngine  is  generally  plac’d  a Trough  to  receive  the  Water 

Skch.comes  °ut0  d,e  skrew’  and  t0  c™‘’er  tato  S 
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This  Engine,  which  takes  Hold  of  the  Water,  as  a Cork-Skrew 
does  a Cork,  will  throw  up  Water  as  fall  as  an  overlhot-Mill, 
whereby  in  a fhort  T ime  an  infinite  Number  of  Water  may 
be  thrown  up  ; and  I remember  when  the  Foundation  of  the 
ftately  Bridge  of  Blenheim  was  laid,  we  had  fome  of  them  us’d 
with  great  Succefs;  and  they  are  alfo  us’d  in  the  new  River  Works 
about  Newbury  Berkjhire 3 and  faid  to  be  the  Contrivance  of  a 
common  Soldier,  who  brought  the  Invention  out  of  h lander  s . 


‘<s? 


CHAP.  XXIII. 

Of  the  Antlia  or  Pump  i its  Defcription,  Vfes  and 

Kinds , &c. 

HE  Antlia  or  Pump  was,  as  Vitruvius  and  Hero 
Alexandrinus  informs  us,  the  Invention  of  Cte/ibius 
a Barber’s  Son  of  Alexandria ; and  therefore  in 
Compliment  to  him  for  this,  his  fo  ufeful  a Ma- 
chine is  by  Wallis  and  others  ftill  call’d  the 
Ctefibian  Pump,  though  made  different  Ways- 
Vitruvius , Lib.  10.  Cap.  2.  gives  an  Account  of  this , Machine, 
which,  as  is  elfewhere  intimated,  was  fir  ft  ufed  for  the  playing 
of  Organs,  and  other  Infhmnents  of  Mufick,  of  which  de  Cans 
the  famous  French  Engineer  has  given  us  feveral  Defigns,  which 
I (hall  exhibit  in  their  proper  Places:  But  this  Pump,  as  de- 
fcrib’d  by  Vitruvius , does  not  appear  to  be  the  fame  that 
IVMis  and  others  give  its;  this  being  edified  by  Preffure  and 
tltofe  that  they  defcribe  by  Suftion,  or  rather  the  Pul  lion  of  ex- 
terior Air  gravitating  upon  the  Water,  when  the  An  is  diawn 

out  of  the  Tube  by  the  Pifton.  r , . ,r  , 

The  induftrious  Ozanan , Book  3 d . Page  178.  ot  his  A^echa- 
nirks  has  given  a particular  Account  of  theie  two_  Kmds  of 
Pumps,  and  of  the  Manner  by  which  they  work  their  Eifefts ; 
the  firft  he  calls  a force  Pump,  which  feems  to  be  the  fame 
which  was  us’d  by  its  firft  Inventor  Ctefibius  above-mention  d, 
for  the  playing  of  Mufick. 
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The  Second  Kind  of  Pump  he  calls  a fucking  Tump,  which 
is  effected  by  the  PreiTure  of  the  Air,  after  the  Pifion  is  rais’d, 
which  fucks  out  the  Air  that  is  therein,  and  gives  Liberty  for 
the  Water  to  afcend  and  fill  that  Place,  contrary  to  the  Motion 
of  a Vacuum. 

And,  Lajlly,,  he  calls  fuch  a Pump  as  raifes  Water,  by  pulhing 
it  upwards,  a Lifting  Tump ; but  of  this  and  the  Effe&s,  and  dif- 
ferent Manner  of  working  of  thefe  Pumps,  I fhall  write  more 
in  its  proper  Place,  and  with  the  learned  GraveJandej  &c. 

Monsieur  Ozanan,  who  is  one  of  the  fir.fi:  and  chief  amongft 
the  Mathematicians,  who  in  his  Cur/us  mathematicus , Page  180. 
Fig.  14?.  has  treated  of  Pump  Works,  in  treating  of  Crank  Work, 
obferves  that  the  Force  of  Rivers  is  commonly  made  Ufe  of  to 
play  Engines  of  this  Kind,  when  compounded  into  Crank  or  other 
Work,  by  Means  of  a Wheel,  as  A.  Fig.  2.  of  the  next  Table  but 
one,  whofe  Floats,  dipping  in  the  Water,  are  pufh’d  by  the  Force  of 
the  faid  Water,  lb  as  to  caufe  the  Wheel  to  turn,  which  turns 
the  bended  Piece  of  Iron  or  double  Crank  BCD,  which  bearing 
upon  the  fix'd  Points  E F,  and  turning  upon  them  fucceffively, 
comes  nearer  to,  or  goes  farther  off  from  the  Holes  I K of  the 
two  Barrels  I L,  K m,  and  fo  raifes  and  finks  the  Pifions,  one 
after  another,  by  Means  of  their  Rods,  B,  G,  C,  H,  which  are 
faft’ned  to  the  double  Crank,  BCD  at  the  Points  B C;  fo  that 
the  whole  Force  of  the  Engine,  which,  as  hereafter  will  be  more 
amply  fhewn,  uniting  together,  drives  up  at  Bottom,  and  obliges 
it  to  go.  up  into  one  Pipe,  which  is  common  to  both  Pifions  ; 
the  Motion. and  Afcent  of  Water  thro’ the  afcending  Pipe,  (tho’ 
not  fo  uniform  and  regular  as  when  there  are  three  or  more 
Pifions,  as  is  often  done  in  Leaver  Work)  nearly  continual,  and 
without  Interruption,  the  two  Cranks  forcing  alternately’  and 
fucceeding  each  other’s  Stroke. 

The  Proportion  for  the  Strength  and  Depth  of  fuch  Cranks 
is  according  to  the  Strength  of  your  Wheel,  which  depends  on 
the  Height  and  Cylinderical  Weight  of  Water,  that  fuch  an  En- 
gine is  to  force  up,  which  is  by  fo  much  the  more,  in  as  much 
as  the  Stroke  or  Force,  and  confequently  the  Weight  of  Water 
is  double  of  what  any  fingle  Engine  or  Pump  luftains  and 
forces. 

And  with  the  learned  Grave fande , to  render  the  Effect  of 
thefe  common  Pumps  the  more  vifible,  let  there  be  a little  Pump 
made  of  Glafs,  in  the  following  Manner,  -A  B Fig.  3. Tab.feq . mull 
be  a Cylinder  of  Glafs,  about  an  Inch  and  a Half  Diameter : 

Q.q  2 ^ 
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in  the  Bottom  of  it  join  a Tube  of  any  Length,  as  C D;  Let 
the  upper  Part  of  it  be  fhut  by  a leaden  Ball,  fo  that  the  Wa- 
ter may  not  be  able  to  afcend  out  of  the  Cylinder,  but  may 
eafily  rife  in  to  it,  by  raifing  up  the  Ball  which  is  here  made 
ufe  of  inftead  of  a Valve;  the  Pifton  is  mov’d  in  the  Cylin- 
der A B,  which,  being  furrounded  with  Leather,  exaCtly  fits 
its  Cavity ; there’s  a Hole  likewife  in  the  Pifton,  which  is  like- 
wife  ftopt  with  a Ball  of  Lead,  inftead  of  a Valve,  fo  that  the 
Water  may  rife,  but  not  defcend  through  the  Pifton. 

I n the  next  Place,  you  are  to  pufh  down  the  Pifton  to  the 
Bottom,  and  to  pour  Water  into  it,  to  hinder  the  Paffage  of 
the  Air ; if  the  End  of  the  Tube  C D be  immers’d  into  Wa- 
ter, and  the  Pifton  be  rais’d,  the  Water  will  afcend  up  into  the 
Cylinder  A B,  from  which  it  cannot  defcend  ; wherefore  it  comes 
up  through  the  Pifton,  when  it  is  pulh’d  down  and  if  you  rife 
the  Pifton  again,  the  Cylinder  is  again  fill’d  with  other  Water, 
and  the  firft  Water  is  rais’d  up  into  the  Wooden  Cylinder, 
which  is  join’d  to  the  Glafs  one,  from  which  it  runs  through 

But  fince  the  Effe£t  of  all  thefe  Kinds  of  Machines  depends 
upon  the  Preffure  of  the  Atmofphere,  the  Water  will  not  rife 

above  33,  or  34  Foot  at  moft. 

But  to  fhew  the  Nature  of  this  external  Preffure  of  A11,  and 
the  Effeft  it  has  on  artificial  Fountains,  the  faid  iiigenious  Au- 
thor has  produc’d  one  from  HerOj  (a)  the  ConftruCtion  and  Ef- 

feft  of  which  take  as  follows.  . 

T et  Fit.  4.  TabCfeq.  be  two  equal  Elliptical  Vcffels  A B,  and 
C D exa£tly  fliut  on  all  Sides,  and  made  of  any  Sort  of  Metal. 

In  each  of  them  there  is  a Separation  paffing  through  the 
Center  of  the  Ellipfis,  which  divides  the  whole  Veilel  into  two 

^Tn^Separation  m n i in  the  Veffel  D C,  is  perpendicular  to  the 
Axis  of  the  Ellipfis,  the  Separation  cfg  h of  the  other  Veflel  muft 

be  inclin’d  to  that  Axis.  _ . ,r . 

There  is  a Brim  made  about  the  upper  Part  of  the  Veffel 

A C B.  to  make  a Bafon.  , „ 

Pour  Tubes  are  join’d  to  thefe  Veffels,  the  Firft ^ of  go 
through  the  Cavity  B of  the  Veffel  A B,  without  having  any 
Communication  with  it,  and  defcends  almoft  to  the  Bottom  of 
the  Cavity  D,  and  afcends  to  the  upper  Part  of  the  Cavity  , 
but  not  quite  fo  high  as  to  touch  the  upper  Plate  of  it.  The 
Third  q r reaches  from  the  lower  Part  of  the  Cavity  B,  almo 
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to  the  Bottom  of  the  Cavity  C ; the  Fourth  X n is  made  faft  to 
the  upper  Part  of  the  Cavity  C,  and  reaches  almoft  to  the  upper 
Part  of  the  Cavity  A. 

Laftly,,  There  is  a Tube  zy,  which  going  through  the  upper 
Plate.,  is  folder’d  to  it,  and  reaches  down  fo  deep  in  the  Cavity  A, 
that  its  End  z is  but  a little  Way  off  the  Bottom. 

There  are  Cocks  join’d  to  every  one  of  thefe  Cavities,  or  elfe 
they  have  other  Holes  that  are  fhut  up  with  Screws  that  have 
Leather  on  them ; the  chief  Ufe  of  them  is  to  let  out  the  Water 
very  clean  from  the  Cavities,  left  they  fhould  grow  rufty  when 
the  Machine  is  not  in  Ufe. 

T o come  to  the  Experiment  of  this  artificial  Fountain,  pour- 
in  Water  thro’  the  Tube  o /,  fo  as  to  fill  the  Cavity  D ; and  if 
you  continue  to  pour  in  Water,  it  will  rife  up  through  the 
Tube  s tj  and  then  defcend  through  q r into  the  Cavity  C, 
which  is  alfo  fill’d,  the  Air  afcending  through  X u , and  going 
through  tzy.  * ’ b & 

Turn  the  Machine  upfide  down,  opening  the  Cocks  of  the  Ca- 
vity C and  D,  the  Water  will  defcend  into  the  Cavities  B and  A : 
Having  again  fhut  the  Cocks,  as  alfo  the  Hole  y of  the  Tube  zyr 
fet  the  Machine  again  the  right  Side  upwards,  and  pour  Water  in 
again  through  the  Tube  op,  till  the  upper  Surface  of  the  Ma- 
chine be  cover’d  with  Water.  Now,  if  the  Holej  be  opened,  the 
Water  will  fpout  up  to  almoft  twice  the  Height  of  the  Machine  . 
and  the  Motion  of  the  Water  will  continue  till  the  Cavity  A be 
emptied  with  its  Water  ; the  Heighth  of  the  Spouting- water  will 
continually  diminifh,  and  at  laft  it  will  be  double  the  Diftance  of 
the  Veffels. 

The  Effect  of  this  Machine  is  to  be  attributed  to  the  Compref- 
fion  of  the  Air  in  the  Veffels ; the  Preffure  of  the  Atmofphere 
at  o and  y,  as  alfo  in  the  Veffels  is  equal,  but  their  Preffures  de- 
ffroy  one  another,  and  therefore  are  not  to  be  confidered  in  the 
Examination  of  this  Machine  : When  at  laft  the  Water  is  pour’d 
into  the  Tube  o p,  it  is  fuftain’d  in  it  by  the  Preffure  of  the  Air 
contain’d  in  the  Cavity  D,  and  adding  upon  the  Surface  of  the 
Water,  which  ftands  at  a fmall  Height  in  that  Cavity;  which 
Air  therefore  is  comprefs’d  by  the  Weight  of  the  Water,’  whofe 
Height  is/*?;  we  fpeak  of  the  Preffure,.  by  which  the  Preffure 
of  the  Atmofphere  is  overcome. 

Th  e Aii  in  the  upper  Part  of  the  Cavity  B,  communicates 
with  the  Air  abovemention’d,.  by  the  Tube  s t,  and,  is  equally 
comprefs  d,  and  adds  with  the  lame  Force,  upon  the  Surface  of, 

the-.,- 
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the  Water  in  that  Cavity : This  Preffure  is  to  be  added  to  the 
Preffure  arifing  from  the  Height  of  the  Water,  in  order  to 
have  the  Force  by  which  the  Air  is  comprefs’d  in  the  Cavity  C, 
as  alfo  the  upper  Part  of  the  Cavity  A,  by  Reafon  of  the  Com- 
munication through  the  Tube  X u ; the  Preffure  therefore  upon, 
the  Surface  of  the  Water  in  that  Cavity  A,  is  equal  to  a Pil- 
lar of  Water,  whofe  Height  is  double  the  Height  of  the  whole 
Machine  ; and  therefore  it  fpouts  up,  as  if  it  was  prefs’d  by  fuch 
a whole  Column  ; that  is,  to  a Height  not  much  wanting 
from  the  Height  of  that  whole  Column. 

This  Height  is  continually  diminifh’d,  for  the  Columns  of 
Water  which  comprefs  the  Air  become  fhorter  and  fhortrr, 
becaufe  the  Water  afcends  in  the  Cavities  C and  D ; and  its 
Height  is  diminifh’d  in  the  Cavity  B,  at  the  fame  I ime  that 
the  Cavity  is  continually  evacuated,  and  the  vVater  afcends  thiough 
a greater  Space,  before  it  comes  to  Y ; therefore  it  is  driven  to 
a lefs  Height  than  Y. 

And  thus  much  of  the  Defcription  and  Theory  of  this  ufe- 
ful  Inftrument : Let  us  now  enquire  what  is  proper  to  fet  down, 
as  to  its  Ufes,  and  the  feveral  Kinds  of  them. 

Monsieur  Ozanan  informs  us,  That  Sir  Samuel  Moreland 
was  the  firft  who  brought  this  Pump  to  any  Degree  of  Perfe- 
ction with  us ; which  I take  from  that  French  Author,  having  taken 
great  Pains  to  find  out  what  Sir  Samuel  has  left  on  that  Head  to  no 
Purpofe:  But  as  Ozanan  tells  us,  it  was  at  that  Time  ap  In- 
vention which  he  valued  very  much;  let  me  explain  it  in  his 
own  Words,  and  make  Ufe  of  the  fame  Drafts  he  has  given  it 
us  in  • NOR  is  the  Profile  of  the  Pump,  (vid.  Fig.  io.  Tab. 
feq  ) ’the  Sucker  which  is  «at  the  Bottom  of  the  Pump  L N 
the  Pifton,  which  muff  be  a Cylinder  of  Brafs,  exaftly  turn’d  in 
the  Lathe,  made  to  rife  and  fall  in  the  Midft  of  the  Cylinder  of 
Water,  contain’d  in  the  Barrel  of  the  Pump,  in  fuch  a Manner, 
that  it  rubs  againft  nothing  but  a fmall  Circle  of  Leather,  well 
prepar’d  and  fix’d  into  a little  Hollow  at  the  Top  of  the  Pump, 
on  the  in  fide  over  againft  O N.  Through  thisLeather  the  Pifton 
goes  up  and  down,  with  the  greateft  Eafe  imaginable,  and  without 
any  confiderable  Friaion;  for  this  Friaion  and  Wear  has  been 
fuch,  that  I have  known  in  Pumps  (the  Cylinder  of  which  has 
been  of  Lead)  that  the  Sucker  has  foon,  (by  the  Imperpendicu- 
larity  of  the  Stroke  of  the  Pifton,  if  I may  fo  call  it ) wore  away 
the  Sides  of  the  Pump,  and  render’d  it  ineffeaual. 
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T o bring  this  Engine  to  Perfe&ion,  that  ingenious  Gentleman 
allures  us,  coft  him  twelve  Years  Study,  and  a great  deal  of  Mo- 
ney ; and  without  this  new  Invention,  it  would  have  been  impof- 
fible  to  have  reduc’d  the  railing  of  Water  to  Weight  and  Meafure, 
as  he  had  done  : ADL  is  the  Rod  of  the  Pifton,  upon  which  are 
flipt  Weights,  which  are  between  E F and  GH,  to  counterpoife 
the  Water  which  is  rais’d,  and  to  keep  the  Pifton  upright  between 
the  two  Pulleys  B and  O;  VI  is  the  leaden  Pipe  in  which  the 
Water  rifes,  after  it  has  pafs’d  through  the  Sucket  I,  which  hin- 
ders it  from  falling  back  into  the  Barrel  of  the  Pump;  and  this 
feems  to  be  the  beft  Method  and  Foundation  for  fingle  Forces, 
and  from  which  we  may  form  any  Compound  Engine,  though 
the  Pullies  may  be  omitted  in  all  Crank  or  Leaver  Work,  &c. 

The  fingle  Pifton  for  Pump-work  being  thus  eftablifhd,  we 
come  now  to  take  a View  of  what  may  be  faid  as  to  Valves, 
Clacks,  &c. 

All  Valves,  (as  Monlieur  Qzanan  has  it)  are  not  made  the 
fame  Way,  which  is  the  Reafon  they  have  different  Names  ; for 
when  a Valve  is  flat  like  a Board,  it  is  call’d  a Clack,  and  when 
it  is  round,  and  goes  fomething  tapering  (which  is  by  much  the 
beft,  infomuch  as  the  Air  and  Water  in  their  Paffage  upwards 
has  more  Power  in  a hollow  Concave,  than  it  has  on  a flat  one, 
to  raife  the  fame)  it  is  call’d  a Sucker  ; and  thefe  are  the  moll  in 
Ufe  (efpecially  in  France ) when  they  have  a Tail  which  comes 
perpendicular  out  of  the  Middle  of  their  Convexity,  which  Tail 
by  its  Weight  di'aws  down  the  Convex  Part,  to  make  it  flop  up 
clofe  round  the  Hole,  through  which  the  Water  paffes,  lifting  up 
the  Valve  wftien  the  pifton  is  rais’d. 

These  Valves  are  ufeful  to  ftop  the  Water  in  a Pump,  keeping 
it  from  coming  back  again,  when  once  it  has  been  rais’d  by  Means 
ot  the  Pifton  C D ( Fig.  5.  Tab.feq.)  which  muft  move  up  and 
down  freely  in  the  Barrel  A B,  and  at  the  fame  Time  exactly  fill 
it,  that  the  Air  may  not  pafs  between,  when  the  Pifton  is  drawn 
up  ; and^then  when  the  faid  Pifton  is  rais’d,  fince  Air  can’t  fuc- 
ceed  in  the  Place  of  it,  the  Clack  F will  rife,  and  give  Way  for 
the  Water  to  pafs  through  the  Hole,  which  it  ftop ’d  before;  and 
on  the  contrary,  when  you  pufh  down  the  Pifton  CD,  and  prefs 
the  Water  which  has  been  rais’d,  the  Clack  F (huts;  and  iince 
the  Water  can’t  get  out  that  Way,  it  is  forc’d  out  through  the 
Pipe  G HI,  which  communicates  with  the  Body  of  the  Pump  'T 
however,  as  the  learned  and  laborious  Defaguiliersj  in  his  Notes 
on  Ozanan  (from  whence  this  Account  is  chiefly  extracted)  has 
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it,  this  Pump  would  be  imperfect,  if  there  were  not  a Valve 
fomewhere  in  GHI,  fuppofe  a little  above  H,  to  prevent  the 
Water  from  descending,  in  Cafe  of  the  Failure  of  a frefh  Suc- 
ceftion,  which  is  often  the  Cafe. 

O f Pumps,  they  are  generally  divided  into  two  Kinds,  the 
one  is  known  by  the  Name  of  the  fucking  Pump,  or  Pump 
wrought  by  Su&ion,  and  the  other  a forcing  Pump,  which  is 
effected  by  the  Preffure  of  the  Pifton,  or  Piftons  (for  in  com- 
pound Engines  there  are  fometimes  two,  three,  or  four  working 
in  different  Barrels,  to  caufe  a perpetual  Afcent  of  Water)  conti- 
nually prefting  upon  the  Water,  and  forcing  it  through  a Pipe 
fix’d  into  the  Side  of  the  Pump,  as  was  in  the  laft  Paragraph 
explain’d. 

The  firft  of  thefe  two  Pumps,  and  which  is  much  of  the  fame 
Nature  as  that  defcrib’d  by  Wallis j and  inferted  in  the  laft  Chap- 
ter, is  properly  a fucking  Pump,  becaufe  it  draws  the  Water 
through  its  own  Trunk,  where  the  Pifton  or  Rod  goes  down; 
and  of  one  of  thefe  Kinds,  I have  feen  one,  at  a Perfon’s  whofe 
Memory  I fhall  always  fpeak  of  with  Honour,  the  late  General 
Webb1  Sj  that  drew  Water  near  80  Foot  deep,  that  is,  25  Foot  to 
the  Clack  at  the  Bottom  of  the  Barrel,  and  the  Rod  or  Pifton 
about  55. 

The  French j as  alfo  we  and  other  Countries,  caufe  a Hole  to 
be  made  through  fuch  a Pifton,  from  Bottom  to  Top,  even  from 
D to  F,  where  they  place  a Clack,  that  when  the  Water  is  rifen, 
by  the  raifing  the  Pifton  (which  in  fuch  a Pump  is  called  a Bucket, 
done  round  with  us  with  Leather,  as  has  been  before  intimated)  it 
may  ft  ill  rife  higher  when  the  Bucket  is  pufh’d  down;  for  it  will 
prefs  upon  the  Water  under  it,  which  will  pufh  up  the  Clack  F, 
and  run  up  through  the  Bucket;  and  this  Clack  will  immediately 
fhut  again,  upon  the  raifing  of  the  Bucket,  '"becaufe  the  Water 
will  prefs  upon  it,  and  then  open  as  the  Pifton  is  funk  to  make  a 
fecond  Quantity  of  Water  (to  fucceed  the  firft)  and  to  enter  into 
the  Body  of  the  Pump  (which  will  at  length,  and  in  great  Heights, 
and  after  many  Strokes)  be  fill’d  up  to  the  End  A,  where  the  Water 
will  run  out : But  to  effeQ;  this  the  quicker  and  better,  and  to  fet 
the  Pump  at  Work  immediately,  Men  generally  fill  the  Barrel 
with  Water;  and  it  muft  be  noted,  that  the  Valve  or  Clack  below 
ought  to  Quit  clofe,  to  keep  the  Water  from  defending  down, 
becaufe  fometimes  the  Pump  may  not  be  ufed  for  two  or  three 
Days,  and  it  will  be  neceftkry  to  have  it  always  full 
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To  proceed,  that  the  Valve  F Quid.  Fig.  5.  Tab.  req\  mav 
play  freely,  the  Rod  E C of  the  Bucket  muft  be  faftned  Vo  it  by 
Means  of  a bended  Piece  of  Iron,  as  I C H,  ftrongly  fix’d  to  the 
Bucket;  and  it  muft  be  noted,  that  in  this  and  all  other  Pumps 
whether  fimple,  or  compound,  that  in  cafe  the  Water  lies  low’ 
you  may  make  the  Tube  EG,  which  goes  into  Water  a4ora< 
Foot  long  at  leaft,  for  fo  high  will  the  external  Preffure  of  the  At- 
moiphere  raife  the  Water  of  its  own  Accord;  Gallileo  and  others 
have  indeed  fet  down,  that  the  Weight  of  Air  will  raife  it  22  or 
33  Foot  high,  or  fometimes  higher;  but  as  that  Air  does  not  al- 
ways aft  with  an  equal  Power,  but  that  Water  rifes  and  finks  as 
£he  Barometer  does,  fometimes  higher,  and  fometimes  lower  • and 
as  the  Springs  very  often  rife  and  fall,  fo  that  the  Tube ’may 
not  imbibe  any  Water  at  all,  at  leaft  not  enough  for  the  Supply 
or  this  and  other  Pumps  in  the  Summer  Seafon  24  or  2 s Foot 
above  the  uiual  Surface  of  the  Water  will  do  ; and  it  is  advifable 
* lo>  to  have  a fquare,  wooden,  or  leaden  Box,  with  Holes  in  it, 
to  prevent  the  Pebles  coming  into  it,  laid  5 or  6 Foot  lower  than 
the  ufual  Surface  of  the  faid  Water  is;  but  if  it  be  not  above  8 
or  10,  or  any  fuch  like  Quantity  of  Feet  to  the  Water  then 

p°eafemay  PkCe  the  B°tt0m  °f  the  BarreI  and  Clack  where  you 

\HIS  Q alr°  ca,1’d  a lifting  Pump,  becaufe  it  raifes  Wa- 

ter by  puftung  it  upwards:  Let  AB  be  the  Body  of  the  Pump 
divided  into  two  Parts  A K,  BI,  of  which  BI  muft  be  in  the 
Water,  as  a!fo  the  Bucket  or  Pifton  C D,  which  moves  upwards 
in  this  Part  B I,  by  Means  of  the  Rod  F G,  fix’d  to  the  Point 
P,  round  which  it  moves  together  with  the  Pifton  CD 
Rod  E C,  by  Means  of  “the  Rod  G H,  Fig.  8 Tal  A 

. * Rod  E C of  the  PlRon  C D muft  be  a Pipe  continued 
!nCD  quite  to  D Quid.  Fig.  8.  Tab.  /^.)  where  it  muft 
have  a Valve,  and  there  muft  be  alfo  one  at  O ; for  ifvououfh 
downwards,  the  Rod  G H to  make  the  Pifton  C D defcend  the 
Pifton  prefling  upon  the  Water,  will  force  it  into  the  Pipe’E  C 
which  will  open  the  Valve  at  D,  fo  that  the  Water  may  naft  above 
it ; then  the  Weight  of  the  Water  will  prefs  down  the  Valve  and 

he  pV  f?nAg?in§-  Ck- thePame  eWa7  that  k came:  So  ’when 
the  Pifton  CD  lsiaisd,  it  will  prefs  the  Water  above  it  and 

pa“[e  * C°  rf  (hY  fhe  Clack  O)  and  go  into  die 

Pat  t A K,  where  by  its  Weight  it  will  prefs  down  the  Clack  O 
and  remain  where  it  is  : Thus  will  A K be  fill’d  by  Decrees' 
till  at  laft  the  Water  runs  out  at  the  upper  End  A.  * C ’ 
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By  Means  of  this  Pump,  you  may  raife  Water  to  a confide- 
table  Height ; but  it  has  one  Inconveniency  which  attends  it, 
and  that  is,  that  as  the  Rod  F G muft  be  always  in  the  Water, 
which  if  it  happens  to  be  out  of  Order,  it  is  hard  to  mend  it : 
Befides,  fince  the  Rod  F G moves  circularly  about  the  Point  F, 
the  Pifton  CD  cannot  rife  or  fall  perpendicularly  : For  this 

Reafon,  the  following  Pump,  which  is  rather  to  be  recommen- 
ded, ought  to  take  Place,  having  nothing  troublefome  in  it,  but 
the  Length  of  its  Rod. 

Let  A B for  Example  be  the  Body  of  the  Pump,  which  is 
to  ftand  in  Water  as  far  as  G H,  and  let  the  Pifton  C D 
have  a Hole  through  it  from  D to  F,  where  there  muft  be  a Clack 
to  open  when  you  pufh  down  the  Pifton  C D,  after  you  have 
rais’d  it,  to  make  the  Water  come  in  through  the  Clack  E, 
which  opens  when  you  raife  the  Pifton,  and  flints  when  you  pufh 
it  down,  to  raife  the  Clack  at  F,  which  will  give  PafTage  to  the 
Water,  and  then  fhut  it  felf,  as  foon  as  you  raife  again  the  Pifton 
C D ; and  the  Clack  E will  open  again  at  the  fame  Time,  and 
give  PafTage  to  the  Water,  which  will  afterwards  be  made  to 
rife  through  the  Clack  F,  by  finking  the  Pifton  as  before  : Thu.s 
continuing  to  raife  and  fink  the  Pifton,  the  Barrel  will  be  fill’d 
with  Water,  which  will  at  length  run  out  at  the  upper  End 
at  A. 

Thus  much  of  the  fucking  and  lifting  Pump,  with  the  Im- 
provements to  be  made  to  it  : The  lecond,  and  indeed  the  chief 
Pump  now  remaining,  is  the  Force  Pump,  fo  called,  for  that 
it  does,  by  the  Strength  and  Force  of  the  Pifton,  drive  up  the 
Water  with  great  Strength  to  any  Height  required,  when  to 
the  Rod  C E is  applied  a Power  as  great  as  the  Refiftance,  or, 
in  other  Words,  ftrong  enough  to  raife  the  Cylinderical  Weight  of 
Water,  which  is  in  the  Pipe  H I;  and  if  there  be  a Clack  at  I to 
open  and  give  PafTage  to  the  Water,  when  it  rites  through  HI  to 
enter  into  the  Pipe  I K,  in  which  it  will  remain,  becaufe  its 
Weight  keeps  down  the  Clack  I,  which  muft  rife  again,  and  give 
PafTage  to  a frefh  Quantity  of  Water,  which  will  rife  through 
the  faid  Pipe  H I,  when  the  Pifton  C D is  prefs’d  down  ; thus  by 
raifing  and  finking  this  Pifton,  the  Water  will  continue  to  alcend 
in  the  Pipe  I K,  until  it  goes  out  at  the  End  K. 

And  this  Kind  of  Pump  (efpecially  when  it  is  compounded 
of  other  Powers  of  equal  Strength  and  Force,  as  fball  be  here- 
after taught)  is  of  the  greateft  . Ufe,  by  forcing  of  Water  out  of 

the 
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the  deepeft  Profundity,  from  whence  the  Ancients  could  not 
pouibly  raife  it,  by  any  Art  they  had. 

Having  thus  taken  a View  of  the  Theory  of  the  Antlfa  nr 
Pump,  and  its  Parts  let  us  now  proceed  to  the  Praftice  of  it  as 
it  is  fet  down  by  IV zllts^  and  others.  ’ 

And  the  firfi.  Pump  I fhall  give  an  Account  of,  is  the  Antlia 

yrwmxv  Cat  l K?pfh  aT  “ from  Waifs] 

froF-  XV.  Lap.  XIV.  of  his  Mechanicks,  though  it  feems  to  he 

fo  me  what  different  from  the  Machine,  f0  call’d  by  Vitruvius 

Lib.  10.  Lap.  2.  as  before  hinted  at.  ' J 

This  nfeful  Inftrument,  {vid.  Fig.  1.  Tab.  Jeq.  ) is  made  of  a 

5°nf  i ° r WS°  n ^ 0r-°t m01^  ]i*  tbere  be  0ccafion)  cut  out 
m t re  In  hue  oi  a Hollow  Cyhndenck  Manner,  and  put  down  into 

a hollow  I it  or  Pond,  the  upper  Part  ftanding  out  of  the  Water 

and  the  lower  Part  within  the  Surface  of  the  lid  Pond  or  Pit  • of 

wh,ch  Water  ,s  to  be  underflood,  that  it  is  not  free  from  ’the 

Pieflure  of  the  A.r,  but  by  its  Gravity  and  Elafticfty  ftbjea 

SOMIWBER!  in  the  Hollow  of  the  Pump,  let  there  be  a crofs 
Bar  fix  d,  in  the  Middle  of  which  is  the  Hole  D,  through  whfch 
the  Water  afcends;  and  upon  this  Hole  is  a Valve  or  Cover  F 
fo  fix  d,  as  that  it  will  open  or  fhut,  according  as  it  is  prefs’d  from 

H°nVHI  °ri  be  0>V  ^ r°Jet  thlrC  be  a Sucket  let  down  from  the 
Hand  e above,  fo  fitted  to  the  Sides  of  the  hollow  Cylinder 

that  the  infinuating  Air  can’t  poffibly  pafs  by  the  Side!  of  it’ 
which  Sucket  or  Sucker  has  likewife  a Hole  F jn  the  ’ 

of  die  Trunk,  and  fitted  in  the  fame  Manner^  w/th  “ t 
Clack  at  G,  as  E was  at  D.  v ' e or 

These  Things  being  fo  fix’d,  whilft  the  Sucker  is  drawn  ,m 
and  down  by  the  Morion  of  the  Handle;  and  when  the  hcuw 
bent  Air  by  which  the  Water  that  is  under  it  is  prefs’d  into  the' 
Hollow  of  the  Pump  through  E and  D,  and  through  the  Va We 
opening  at  Eleven  to  the  Bottom  of  the  Sucker,  but  not  higher 
than  Cl,  which  is  the  greateft  Altitude  of  the  Equilibrium ■ , a 
being  free  from  the  Preffure  that  is  above,  and  drove  on  by’  thit 
which  is  below,  and  e contra „ whilff  die  Snrker  1 
again  by  the  Motion  of  the  Handle.  ^ 15  dePreft 

It  preffes  alfo  the  Water  that  is  under,  that  it  rrmv  j 
through  D ; for  the  Valve  at  E being  fhut  bv  this 
that  at  G is  open’d,  through  which  the  Water  { having  ovtnom 
the  oucker)  is  retraced  again,  and  then  it  is  that th?  Wn,  r 
to  be  repeated;  and  the  Water  having iund’  ^ 
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. . TT  if  ri,ere  flows  out,  being  fucceeded  again  by 

too^t  D,  in  t’he  PlL  of  the  rett-afted 

S“b't  if  dieAltUude  C D be  greater,  or  if  indeed  it  be  not  let 
f.r  t'-L  c i in  Ft!.  I.  Which  Ballance  we  iuppofe  comes  to 
fc  hu  rhe  Preffure  of  external  Air,  the  Water  can  t afcend 
h n nnr  can  the  Water  at  C be  prefs’d  any  farther,  than 
through  D,  A V -r  nnfl  fo  the  whole  Labour  of  the  Engine 
the  other  f ai  s ’ ^ j the  Water  will  afcend  through 

rtok  blf  k is  not  hndled  even  ’to  the  Bottom  of  the  Suckers, 
° I f v ui  whcr  than  I • but  if  the  Sucker  be  drawn  up  again, 
fo^Sto  F orB  G overto’p  the  Altitude  I,  the  Sucker  having  eft 
the  Bottom  the  Water  will  remain  at  I,  in  fuch  a Mannei, 
if  the  Sucker  iliould  draw  the  Water,  which  was  betoie  at  I, 
through  F G,  the  Valve  G being  tot,  it  will  lift  up  this  alfo,  and 

pour  it  out  through  H.  . r\  tw  Quick-filver, 

fsaesigst 

Siphon,  Syringe,  or  Pump,  abo™  *9  o^  3^^  > (o  tfce  Ra. 

»n°oi’f 

We  kp  that  Wallis  and  after  him  the  Reverend  Div 

lWdTL Id  Othera  have  labour’d,  when  they  have  imagin’d  or 
FflsA  wP  rather  direftly  fet  it  down  as  their  Opinions,  that 

d rnnM  not  be  raisklby  a Siphon,  Syringe,  Pump,  -or  any 

Watei  could  not  y , or  24  Foot  high,  when 

^ E^  one  of  to  Lords  of  his  Many’s 

T*0  f this  Aceount  it  is,  that  I have  exhibited  the  Profile  or 

. “f^pttmn  Fte.  1.  Tab.  feq.  where  the  infide  Part  is 
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have  faid,  that  Water  will  not  by  any  natural  Means,  or  in  other 
Words,  will  not,  by  the  Laws  of  Hydroftaticks,  rife  above  33  or 
34  Foot,  or  fcarce  to  that  always,  unlefs  it  be  forc’d  by  the 
continual  and  repeated  Motion  of  the  Pifton  in  the  Pump  to 
afcend. 

I t has  been  alfo  obferv’d  already,  as  will  be  often  repeated, 
that  Pump-makers  generally  fix  their  Clack  or  Valve  D,  at 
about  25  Foot  above  the  Surface  of  the  Water,  efteeming  that 
the  greateft  Height,  to  which  the  Water  will  rife  well,  by  the 
PrefTure  of  the  Atmofphere;  at  leaft  they  do  fo  for  Fear  that 
the  Water  fhould  fink  at  any  dry  Seafon,  ( as  it  often  does, 
2,  3, 4,  or  5 Feet  lower  than  it  is  ulual)  and  then  the  Pump  will 
be  in  Danger  of  being  made  ufelefs. 

The  fame  Members  are  made  ufe  of  to  compofe  this  Pump, 
as  are  for  Pumps  of  any  Kind  ; but  becaufe  the  Sucker  D,  which 
is  made  of  Brafs  juft  fo,  as  to  fit  the  Cylinder  of  Wood, 
Lead,  t§c.  in  which  it  works,  muft  be  always  in  the  Water;  it 
is  necelfary,  that  the  faid  Sucker  have  a large  Hollow  in  the 
Middle,  and  have  a Clack  at  Top  as  G,  through  which  the  afcen-  - 
ding  Water  may  pafs,  when  the  Rod  or  Pifton,  with  the  Sucker, 
is  defcending ; ' which  Clack  or  Valve  will  immediately,  in  its 
Afcent,  lift  up  the  Water  higher  and  higher,  till  by  the  Repeti- 
tion of  the  Stroke,  the. Water  is  afcended  to  its  intended  Height 
at  H or  I,  which  may  be  either  more  or  lefs,  as  the  Length  of  the 
Rod  (to  which  the  Socket  or  Sucker,  and  which  is  alfo  fometimes 
call’d  the  Bucket)  is. 

I t may  be  thought,  that  this  Bucket  or  Sucker,  working 
always  in  Water,  may  go  very  heavy,  and  that  it  won’t  be 
in  the  Power  of  a fingle  Man  to  work  it;  but  we  have 
already  demonftrated,  that  we  don’t'  feel  the  Weight  of  any 
Bucket,  and  the  Water  which  is  in  it,  when  we  draw,  till 
it  begins  to  rife  out  of  the  Water,  becaufe  the  Water  in  the 
Bucket,  or  that  which  rifes  by  it,  is  of  the  fame  fpecifick  Gra- 
vity with  the  reft  of  the  Water;  and  tho’  this  Bucket  or  Sucker 
be  of  Brafs,  yet  as  it  is  very  hollow,  and  not  large,  the  Difference 
from  an  Equilibrium  is  but  little  ; and  as  the  Bucket  or  Sucker 
is  hollow  on  the  infide,  by  the  opening  of  the  Valve  or  Clack 
therein,  upon  Depreftion,  the  Valve  or  Clack  at  FG,  is  fhut,  and 
the  Water  forced  to  afcend,  contrary  to  its  own  Nature,  to  the 
greateft  Height. 

To  conclude  what  we  have  to  fay  on  this  Head,  if  thele 
Things  can  be  effected  by  a fucking  Pump,  with  much  greater 

Eafe  . 
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Eafe  will  it  be  done  in  a forcing  Pump,  as  defcrib’d  in  the  Be  - 
ginning  of  this  Chapter,  where  the  Stroke  of  the  Pifton  is  fo 
great,  that  by  a double,  treble,  or  quadruple  Repetition,  as  is 
in  all  compounded  Engines,  the  Water  may  not  only  be  throw’d 
one,  but  even  200,  500,  or  400  Foot  high,  as  will  be  more  par- 
ticularly feen,  when  we  come  to  treat  of  compound  Engines. 

1 t is  obfervable  in  one  of  the  Pumps  before  defcrib’d,  the 

fquare  Leads,  that  Sir  Samuel  Moreland  prefcribes  for  to  hang 
on  the  Rod  or  Pifton,-  can’t  be  us’d  ; becaufe,  as  the  Pifton 
works  always  in  Water,  they  will  hinder  the  Afcent  of  it  up,  unlefs 
they  are  hollow  in  the  Infide;  however,  to  keep  the  Pifton 
fteadily  perpendicular,  the  two  Wheels  may  be  made  Ufe  of 
that  are  at  the  Top.  I have  alfo  added  a new  Sort  of  Handle, 
which  makes  the  Pump  go  fo  eafy,  as  that  tho’  you  draw  the 
Water  three  or  fourfcore  Foot  deep,  yet  a Child  of  10  or  12 
Years  old  may  work  it;  beftdes  which  the  Pifton  will  move 

thereby  more  perpendicular,  and  with  more  Eaie  between  the 
two  Wheels,  than  without  them  ; and  all  that  I have  to  add 
is,  that  you  load  the  Bucket  or  Sucker  with  Lead,  or  other 
Weights,  fo  much  as  that  it  may  delcend  in  the  Water  with 
Pleafure;  it  being  certain,  that  in  this  Sort  of  Pump  it  is  much 
harder  to  deprels  than  raife  the  Pifton.  But  to  come  to  a more 
particular  Explanation  of  this  Pump,  the  Valve  D is  fuppos’d 
to  be  25  Foot  above  the  Surface  of  the  Water,  in  the  Well 

or  Pond,  which  will  rife  by  the  Preffure  of  the  Atmofphere, 

to  that  Height;  and  over  the  Hole  D there  is  a Valve, 

E fo  plac’d  acrofs,  as  to  open  or  fhut,  according  as  it  is  prefs’d 
from  above  or  below  ; as  alfo  a Bucket,  at  F G,  let  down 
from  above  by  the  Rod  or  Handle  (fo  fitted  to  the  Sides  of  the 
hollow  Cylinder,  as  that  the  Air  can  have  no  Paffage  between) 
which  alfo  hath  a Hole  in  the  Middle  of  its  Bottom,  and  a Valve 
at  G fitted  to  it,  as  hath  DE.  Things  being  thus  ordered,  while 
by  moving  the  Handle  the  Bucket  is  drawn  up  ( the  Air  being 
upon  it,  and  by  that  Means  there  will  be  a lefs  Preffure  of  Air 
upon  the  V/ater  below  the  Bucket)  the  Water  in  the  Well  being 
prefs’d  by  the  ambient  Air,  will  be  forc’d  up  into  the  Hollow  of 
the  Pump,  through  the  Hole  D (as  was  mention’d  in  the  laft 
Kind  of  Pump)  opening  the  Valve  E,  as  far  as  the  Bottom  of 
the  Bucket,  provided  it  be  not  higher  than  I,  the  Top  of  the 
Equilibrium , as  being  free  from  any  Preffure  from  above,  and 
thruft  up  from  below;  but  on  the  contrary,  by  turning  the  Handle 
the  other  Way,  the  Bucket  is  prefs’d  down,  and  preffcs  the  Water 

unme* 


-P/at£e  n 


t'tZ-'JU 7 


of  Hydroftaticks  and  Hydraulicks.’  31 1 

immediately  under  it,  which  afcends  through  G D.  By  this  De- 
preflion  E is  fhut,  and  G opened,  through  which  the  Water  ha- 
ying got  above  the  Bucket,  is  drawn  up  with  it;  and  when  it 
is  drawn  back  (the  Valve  G being  fhut)  and  finding  Paflage, 
flows  out  at  H,  which,  as  will  appear  by  the  Figure,  is  much 
higher  than  the  Bucket;  and  that  confequently  all  the  Pifton 
and  Bucket  muft  work  always  in  Water,  which  in  the  preceding 
Figure  it  is  not  fuppofed  to  do  it  there,  railing  the  Water  no 

higher  than  H,  tho'  this  raifes  it  to  L or  M,  as  there  is  Occa- 

lion : T he  Bucket  of  the  other  does  indeed  work  in  the  Wa- 
ter ; but  then  its  Stroke  is  but  fhort,  and  the  Rod  is  but  juft 
immers  d,  the  fquare  Pieces  of  Lead  hindering  its  Afcent  any  higher. 

A s to  the  Handle,  juft  above,  O in  the  Pillar  of  the  Pump,  is 
a Pin,  on  which  the  Handle  P is  fix’d,  which  moving  the  Arm 

Qj  which  is  fix  d to  the  other  Handle  R,  by  Rivets  at  a and  b, 

the  upper  Handle  or  Movement  is  fix’d  a Pin  at  A,  where 
it  gives  Motion  to  the  Rod  or  Pifton;  and  fo  the  Bucket  G,  at 
thy  Lop  of  which  there  is  a Valve  that  opens  and  fhuts.  Note, 
iheie  are  Holes  at  f hj  to  which  you  may  remove  the  Afm 
Q,,  as  you  fee  Occafion. 

Phis  Surface  of  the  Water  is  fuppos’d  to  be  from  C D to  G F,  to 
the  Height  of  the  Atmoiphere,  when  Allowance  is  made  for  the 
finking  of  Water  in  dry  Weather;  and  that  it  may  lpring  out 
hallily  there,  even  25  Foot  above  the  faid  Surface,  as  has  been 
befoie  noted  ; and  this  Kind  of  Pump  is  by  feme  called  the  Atmof-  ■ 
phere  Pump. 

By  Means  of  the  Spout  L,  you  may  pump  up  Water  into  a 
Ciftern  7 or  8 Foot  above  the  Ground,  and  the  Rod  S may  be 
40,  50,  60,  even  to  100  Foot  long. 

Thus  much  of  the  lingle  common  Pump;  all  that  I have  to 
add  to  it  is,  That  this  new  invented  Handle,  which  I think  makes 
it  go  much  eafier  than  the  common  Way,  is  to  be  feen  at  my 
very  good  Friend’s,  Borlace  lVebbBXe\.  at  Biddefden  Wilts where 
they  draw  their  Water  above  80  Foot  deep,  by  the  Help  of  this 
Handle  only,  and  that  with  one  fingle  Perfon. 

But  as  thefe  Pumps  are  made  different  Ways,  and  are  fome- 
times  double,  treble,  and  quadruple,  I Thai],  in  the  Courfe  of 
the  enfuing  Treatife,  fet  down  fome  of  the  beft  Sorts  I have  feen  or 
read  of ; and  the  firft  is  a double  Pump,  as  we  have  it  from 
Booklet',,  ¥ age  3 5 . Fig.  143.  (vid.  Fig.  2.  Fab.feq.  of  this  Book) 
and  which  I am  told  the  York-buildings  Company  ufe,  (though  I 
have  not  feen  it)  which  for  Cheapnefs,  and  the  Quantity  of  Wa- 
ter . 


gi2  An  Introduction  to  a General  Syftem 

ter  it  will  produce,  is  of  moft  excellent  Ufe,  and  is  wrought  only 
by  two  Men. 

The  Piftons  E E are  let  down  into,  and  ftriCtly  fix’d  in  the 
Concave  Tubes  D D,  and  are  there  mov’d;  but  fo  that  no  Air  can 
pafs  by  the  Sides  of  the  Piftons,  into  thofe  Tubes;  the  Crofs-beam 
Mark  BB  is  alfo  faftned  into  the  Poft  A,  and  mov’d  on  a Pin 
key’d  into  the  Middle  thereof,  at  C,  from  the  Motion  of  which 
the  Valves  or  Clacks  at  F F,  open  and  fhut,  and  produce  the  fame 
Effects,  as  in  other  Pumps. 

The  next  Pumps  I fhall  produce  are  taken  from  an  Italian  Au- 
thor of  great  Repute  in  Machines,  the  one  is  a double  Pump, 
drove  by  a Man  going  in  a Tread-wheel,  which  giving  Motion  to 
the  two  Cranks  G G.  by  the  Rotation  of  the  Axle-tree  H F,  fixt 
as  they  are  in  the  Frame  of  Wood  1. 1.  gives  Motion  to  the  two 
Piftons  E E,  which  defcend  alternately,  and  either  lift  up  the  Wa- 
ter by  the  Means  of  the  Clacks  and  Valves  BCD,  the  Water  en- 
ding in  at  the  Arches  A.  A. 

• The  chief  Things  which  I have  to  obferve  from  this  Draft,  is 
the  great  Care  this  Italian  Author  has  taken  to  make  thefe  two 
Piftons  fall  perpendicularly,  by  framing  them  into  two  fquare  thick 
Boards  at  h.  h.  and  the  Reader  will  eafily  difcern,  that  by  Means 
of  the  Rings  E E,  in  which  the  Cranks  G G work,  are  defign’d 
to  facilitate  that  perpendicular  Stroke ; this  Figure  is  feen  in  the 
following  Table. 

The  next  double  Pump  I fhall  Figure  out  and  defcribe,  is  taken 
from  the  fame  Author,  where  is  figur’d  a Man  ftanding  (at  Q.Q;) 
upon  a Frame  of  Wood,  and  there  being  a Center  at  R,  where- 
on there  is  fix’d  a Ve&is  or  Leaver,  at  each  End  of  which  there  is 
a great  Weight  fix’d,  mark’d  S.  S.  which  counterpoife  each  other, 
and  are  of  a Weight  fufticient  to  force  the  Water  up  through  the 
Elm  or  Lead  Pipes  A A ; fo  that  by  the  alternate  Motion  of  the 
Man  on  Q.Q.,  and  the  Center  E,  the  two  Piftons  T T fucceed  each 
other  in  PreiTure  downwards,  and  Afcent  upwards,  forcing  up 
Water  in  the  Coffer  B,  where  there  is  Buoy ; which  Coffer  is  fix’d 
on  the  Frame  H,  and  lies  Hoping  for  the  Water  to  run  out,  with 
the  greater  Pleafure  into  the  Ciftern  K. 

I t appearing  by  the  Draft,  that  the  Water  is  rais’d  but  a little 
Way,  I take  Notice,  that  that  was  an  Imperfection  in  the  Italian 
Author’s  drawing,  which  I was  not  willing  to  alter ; but  ’tis  very 
certain,  that  this  Pump,  be  it  either  us’d  by  Way  of  SuCtion  or 
Preflure,  will  raife  the  Water  as  high,  and  with  as  much  Eafe,  as 
any  of  the  Pumps  yet  mention’d : So  that  fuppofing  you  allow 
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DD  to  be  25  Foot,  the  leaft  Height  of  the  Atmofphere,  the 
Frame  H H,  on  which  is  fix’d  the  Coffer  B,  may  be  plac’d  at  any 
Height  you  pleafc,  even  to  ioo  Foot,  provided  the  Pifions  T T 
be  of  that  Length;  but  then  it  will  be  a confiderable  Time  at  the 
firft  pumping,  before  the  Water  arrive  into  the  Coffer. 

I have  another  Thing  alfo  to  obferve,  which  is,  that  there  is 
at  Q.Q.,  and  all  along  the  Piece  whereon  the  Man  treads,  an  open 
Grove  for  the  Pifton  T T to  work  in,  which  going  through  the 
Top  of  the  Coffer  at  M M,  maintains  a conilant  perpendicular 
Stroke,  which  is  what  all  our  Engineers,  by  Methods  fometimes 
very  fhocking,  endeavour  to  do,  to  make  the  Pifions  fall  perpen- 
dicularly, and  to  prevent  that  FriTion,  which  is  almoil  unavoidable, 
in  moft  Kinds  of  Movements  in  Pump  Work. 

I might  in  this  Place  have  added  a great  Number  of  other  Kinds 
of  Pumps,  which  are  us’d  in  England,  but  that  I find  this  Volume 
is  fwelling  beyond  its  intended  Bulk  ; fo  that  I fhall  defifl  faying 
any  more,  except  I do  it  in  the  Notes  adjoining  to  this  Book. 


CHAP.  XXIV. 

Of  the  C H A I N - P U M P. 


Might,  from  Bockler  and  others,  have  produc’d  almoft 
an  infinite  Number  of  Drafts  of  Engines,  which 
are  plac’d  under  the  Terms  of  Budromiaj  Hydrotech- 
nema,  &c.  the  firft  fignifying  the  Methods  of  railing 
Water  by  Buckets,  and  the  other  by  Globes,  or  Fi- 
gures of  any  other  regular  Shape,  fix’d  to  a Rope, 
which  Rope  being  faftned  at  each  End,  and  palling  through  an  Elm 
or  other  Pipe,  which  reaches  from  the  Bottom  of  a Well  to  the 
Height  to  which  the  Water  is  to  be  convey’d,  brings  up  the  Water 
along  with  it ; but  thefe  Kinds  of  Engines  being  out  of  Date,  I 
lhall  pafs  over  them,  and  confine  my  felf  to  two  Sorts  of  Engines 
onl^whtch  are  reducible  to  this  Head ; the  firft  is  the  Chain  Pump 
or  \De  Cans,  from  which  it  may  be  fuppoled,  the  Reverend  Mr. 

S f Holland 
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Holland  firfi:  took  his  Model.  And  the  laffc  is  a Chain  Bucket 
Pump,  the  excellent  Invention  of  a poor  honeft  Countryman  of 
our  own,  I mean  Mr.  George  Gerves , whofe  Engine  I think  very 
juftly  excels  any  Thing  of  this  Kind  ever  yet  invented. 

The  Defcription  of  the  firft  Pump  is  found  in  the  Englijh  Editi- 
on ofT><?  Causes  forcible  Movements , ‘Page  54.  Fig . 76.  What  he 
recommends  in  it  to  be  of  great  Advantage,  is,  that  the  Forces 
rife  and  fall  perpendicularly  in  their  Barrels.  It  is  (lays  he)  eafy 
to  comprehend  by  the  Figure  ( vide  Plate  16.  Page  316.)  that  there 
are  four  Places  in  the  Arbor,  which  are  hollowed  or  channelPd,  and 
in  the  Half  of  the  Channels  there  are  Pinns  AE,  encountering  with 
Finns  which  are  in  P H,  which  make  them  to  afeend  and  defeend, 
and  in  defending,  they  raife  one  without  hindering  the  other,  or 
being  kindred  by  any  other  Pinns,  which  are  in  the  Roll  mark'd 
P H,  becaufe  they  pafs  by  the  void  Place  of  the  Channel,  or  rather 
Collar  mark’d  D D,  C C,  by  Means  of  the  Chain  and  Pully  K K: 
And  fo  they  rife  and  fall  each  in  his  Turn,  and  force  the  Water  with 
great  Violence  to  fifty  or  fixty  Foot,  and  fome  to  one,  two,  or  three 
Hundred,  as  Occafion  requires ; and  this  Machine  may  be  made  to 
go,  either  by  a Horfe  or  Horfes,  or  by  Water;  but  being  heavy, 
requires  a great  Force  to  be  applied  to  it. 

I have  feen  that  of  the  Honourable  George  cDodington  Efq.  at 
Gunville , Horfet ; as  alfo  that  of  his  Grace  the  Duke  of  <ffueensberryj 
at  Amesbury , Wilts,  with  Works  of  the  fame  Kind  at  other  Places  ; 
but  there  is  fuch  a vaft  Quantity  of  Timber  Work,  and  the  Machine 
goes  fo  very  heavy,  is  fo  noify,  and  fo  apt  to  be  out  of  Order,  that 
I thought  it  not  proper  to  make  any  more  Obfervations  about  it. 

There  are  of  thefe  Chain  Pumps  in  the  curious  Collection  of  the 
Right  Honourable  the  Earl  of  IJlay,  that  have  6 or  8 Piftons  to  an 
Engine,  but  four  is  I think  generally  fufficient,  which  is  all  I have 
to  add  to  this  Engine.  The  laft  Rope  or  Chain-Engine  I am  to 
mention  in  courfe,  is  that  lately  invented  by  Mr.  George  Gerves,  at 
Sir  John  Chefier\  at  Chichley  in  Buckingham  (hire , which  for  its 
Curioufnefs  and  Ufes,  and  going  with  Ids  Water,  is  allow’d  to  ex- 
ceed any  Machine  yet  invented.  Vide  Plate  ,7.  -Page  316. 

I fhall  not  take  upon  me  to  give  a particular  Defci  iption  of  this 
Engine,  tho’  I have  had  it  feveral  Times  in  my  Hands;  becaufe  I 
am  unwilling  to  anticipate  the  Account  of  it,  juft  now  a publifhing 
by  the  Inventor  himfelf. 

I n general,  it  is,  and  may  be  called  a multiplying  Wheel  Bucket 
Engine x which  moves  continually  by  a lrmll  Fall  of  Water, 
without  the  Help  of  any  Man,  Water,  Wheel,  Wind,  or  Fire, 

purely 
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I have  not  had  Time  to  make  any  particular  Computations  of  the 
Quantities  of  Water  this  Machine  willraife,  tho’it  is  plain  by  Infpec- 
tion,  that  not  above  two  Thirds  of  the  Water  at  raoft  runs  to  Wake, 
and  that  if  there  be  an  half  Inch  Pipe  of  Water  running  from  the  Con- 
duit A,  yet  the  Machine  will  be  always  in  A&'ion  ; only  whilft  the 
two  Buckets  are  filling,  it  Hands  Hill;  and  one  may  dare  to  challenge 
any  Engine  or  Machine  that  was  ever  made,  to  go  with  fo  little  Wa- 
ter as  that  of  two  Thirds  of  an  half  Inch  Pipe,  fince  there  is  no 
Spring,  where  or  howfoever  fituated,  but  will  work  it : And  there 
is  this  to  be  faid  more,  that  for  every  Foot  Fall  you  have  from  the 
Ciftern  C,  to  the  Wafte  B,  juft  fo  many  times  6 Foot  high  will  it 
raife  the  Water  to  the  Ciftern  it  is  to  be  emptied  at,  at  N.  Suppo- 
fing  then  that  in  Plate  the  17th,  the  Fall  to  be  6 Foot,  the  Water 
will  be  rais’d  near  30  by  this  Engine.  But  a more  exaft  Account 
will  in  a little  Time  be  publifhM  by  the  ingenious  Inventor  him- 
felf. 

I now  go  on  to  Chap.  25.  L is  the  Plan  of  the  Houfe,  where  the 
Engine  is  plac’d,  K K is  the  Roof,  R R are  Windows  lighting  the 
Engine". 


CHAP  XXV. 

Of  Crank  Work , and  of  regulating  Engines* 

ITHOUT  Doubt  the  Ule  of  Cranks  in  all  Engines, 
is  of  as  long  a Date,  as  any  Power  that  belongs  to 
Machines  of  this  Kind,  efpecially  double,  treble,  and 
quadruple  Pumps.  Bockler  in  his  Theatro  Machina- 
rum , and  a great  many  other  Authors,  have  given 
the  Profiles  and  Defcription  of  feveral  Kinds  of  them, 
fome  of  which  I intended  to  have  inferted  in  this  Place,  but  that  I 
had  not  Room,  this  Volumn  beginning  to  fwell  beyond  its  firft 
Intent.  The  Cochlea  Quadruplex  that  Bockler  makes  mention  of 
‘Page  29.  Fig.  92.  and  which,  he  fays,  is  to  be  found  in  Agricola 
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little  Valves  before-mention’d,  are  cover’d, as  are  fcen  atN(in  Fig.  i. 
Tlate  t8.)  Traditt.  and  at  No.  9.  Fig.  2.  is  another  Valve,  to  pre- 
vent the  Water’s  returning  back  again,  but  to  caufe  it,  by  a frelh  Ac- 
ceflion,  to  afcend  the  large  Pipe  thro’  N°  1 1. 

The  Manner  of  the  Rods  being  fix’d  into  the  Piftons  a„  a_,  a,  as 
mention’d  in  the  laft  Paragraph,  is  feen  in  Fig.  3.  Plate  18.  where 
d is  the  Rod,  and  a the  joint;  which  Piffon  having  a Notch  (as 
from  b to  c ) the  Rod  has  the  Liberty  of  rifing  or  falling,  as  the 
Alcent  or  Defcent  of  the  Cranks  and  Regulators  force  it. 

This  Rngme,  I lay,  is  lubjecl  to  as  little  Fritlion,  as  any  Engine 
of  this  Kind  I have  ever  feen  ; for  whoever  will  but  be  at  the  Pains 
of  coming  to  fee  the  Perpendicular  Stroke  Forcers  we  have  on 
this  Side  the  Water,  at  Mr.  Kent' s,  the  great  Still-houfe  at  Vaux- 
hall,  will  fee  how  much  thofe  Engineers  have  endeavour’d  to  de- 
fend their  Forcers  againft:  Fri&ion.  But  of  this  more  hereafter. 


CHAP.  XXVI. 


Of  the  Crank- Work,  vibrating  Leaver , and  complicated 
or  treble  Wheel  Engine  for  raifwg  Water. 


Late  19.  ’Page  320.  is  the  Plan  and  Perfpe&ive  of  the 
Merchants  Water-Work  Engine  at  Tom’s  Coffee- ho ufe 
in  St.  Martin's  Lane , which  I infert  in  this  Place, 
becaufc  it  is  preparatory  to  the  Defign  of  the  Lon- 
don Bridge  Engine;  which  by  the  Nature  of  the  Work 
feems  to  be  done  by  one  and  the  fame  Hand,  there  be- 
ing only  this  Difference,  that  this  is  an  Over-fhot,  and  that  an  Urt- 
der-fhot  Wheel.  Fig.  1 . is  the  Plan,  whereof  A A is  the  Extremity 
of  the  great  Wheel  turning  upon  the  Axis  B B,  C is  the  Spur  Wheel 
turning  the  Cogg  Wheel  D,  which  by  irs  Rotation  gives  Motion  to 
the  Cranks  FFF,  and  they  confequently  to  the  Regulators  or  Leavers 
E E E,  and  the  three  Rods  and  Pilfons  mark’d  ggg,  which  turn 
on  the  Iron  Pins  or  Axis  at  hh  ■ all  which  is  effected  by  the  Preffure 
of  that  little  Water  which  comes  out  of  the  Pipe  or  Trough  at  I, 
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vid.  Fig.  2. Tab.  fradidi.  where  the  Fixation  of  the  Leavers  is  vi- 
fibly  feen  to  be  in  the  Frame  of  Wood  at  K. 

The  Shape  and  Portion  of  the  Wheels  are  the  fame  as  in  the 
Ton  don  Bridge  Engine,  which  follows,  but  the  Floats  or  Boxes  are 
fet  clofer  and  nearer  together,  on  Account  of  the  fmall  Quantity  of 
Water  which  is  to  drive  the  Wheel ; and  here  it  is  vifible,  what  a 
fmall  Quantity  of  Water  will  drive  an  Over-fhot,  over  what  will 
drive  a Under-fhot  Wheel. 

There  is  another  Thing  which  I would  oblerve  in  this  Place, 
and  that  is  as  to  the  Number  of  Forcers  which  are  needful  in  an  En- 
gine. Doubtlefs  when  thefe  Kinds  of  Machines  were  firft  eretted, 
there  was  but  one  Forcer,  then  the  Number  was  augmented  to  two, 
and  lately  they  are  Hill  encreas’d  to  three  or  four,  tho7  on  Account 
of  the  Intermiffion  of  the  Strokes,  which,  together  with  the  Fricti- 
on that  is  in  the  Pipes,  and  the  Interruption  and  Interpofition  of 
the  Air,  us’d  to  be  the  Occafion  that  the  Water  would  not  (efpeci- 
ally  in  great  Lengths)  ilfue  out  of  the  Ends  of  the  Pipes  regularly, 
but  only  alternately,  and  in  Gulps. 

Whatever  the  Proportion  of  thefe  Piftons  be,  it  is  generally 
fuppofed  by  the  bell  Workmen,  that  three  Piilons  are  fufficient  to 
maintain  a conftant  Stream,  tho7  in  very  large  Pipes  of  Conduct, 
fuch  as  thole  of  London  Bridge  are  and  where  it  is  requir’d  to 
raife  a great  Quantity  of  Water,  they  allow  four  Piilons  to  one 
Pipe  of  Conduit. 

L L L are  the  Piltons,  nt  mm  the  Barrels  or  Pipes  where  they 
work,  and  NN  N the  Reprefentation  of  the  Clacks  or  Valves. 

N.  B.  In  t;  is  Place  I mult  remark  a Miitake  of  the  Engraver,, 
who  has  in  Fig.  Flale  fhew’d  the  Cranks  F E F,  as  if  they 
work’d  above  the  Leavers  EEE,  when  in  truth  they  work  under 
them,  as  may  be  feen  in  Fig.  2d.  and  Leavers  m ?i  0. 

The  next  Crank  Work  Engine  I fhall  produce,  is  the  Plan  and 
Perfpeftive  of  one  Part  of  London  Bridge , which  for  Curioufnels 
of  Contrivance,  the  Length  of  Time  it-  has  went,  without  any 
other  than  very  neceffary  Repairs,  and  .he  great  Quantity  of  Water  it 
throws  up  towards  the  Supply  of  that  great  Metropolis,  may  (Al- 
lowance being  made  for  the  Difference  there  is  in  the  Number  of 
Piilons  that  are  in  the  one  and  the  other)  be  well  a Parallel,  if  not 
an  Exceeding,  to  that  great  Engine  of  Marley  itfelf,  and  which 
(as  it  has  not  as  yet  been  produj’d  in  publick)  will  not,  I humbly 
hope,  be  unacceptable  to  the  judicious  Reader,  being,  as  1 am  told,  the 
Work  of  one  Mr.  Sorocold,  a very  good  Engineer,  in  theReign  or  King 
Charles  or  King  James  the  lid.  whether  he  had  any  Abidance  from 
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Sir  Samuel  Mor Land,  or  any -of -the  Great  Men  of  thofe  Times,  I 
have  not  been  able  to  learn. 

AEOefcriftion  of  the  Tlan,  Vid.  Plate  2c.  Page  3 20. 

A A is  the  Plan  of  the  great  Wheel. 

B B is  the  main  Axletree  on  which  the  Wheel  is  fram’d,  and  /,  /, 
the  Spindles,  which  from  the  Rotation  or  Movement  of  the  Wheel 
give  Motion  to  the  Spur  Wheels  c c,  and  thofe  by  the  Movement 
of  that  to  the  other  4 Wheels  mark’d  x x x x , which  Wheels  x x x X 
turn  the  Cranks  e c e e,  two  of  which  at  each  Work  are  going  up, 
whilft  the  other  are  going  down  ; and  this  gives  Motion  to  the  Lea- 
vers / /’//on  each  Side  the  great  Wheel, &c.  and  caufes  the  Piftons 
g g g g at  each  Quarter  to  have  an  alternate  Alcent  and  Defcent  in 
forcing  up  the  Water  thro’  the  Pipes  i i,  coming  out  at  h h h h, 
and  conveying  it  from  thence  to  a proper  Refervoir  or  Refervoirs 
for  the  furnifhing  the  City. 

The  Frames  of  Wood  k k,  &c.  are  for  all  the  Wheels  to  turn 
upon,  as  1 1 1 1 before-mention’d,  are  the  Iron  Axis’s,  on  which  they 
turn  ; and  here  it  is  remarkable,  that  the  two  Wheels  c c , whether 
by  accidental  or  natural  Contrivance  of  the  Wheel,  or  by  Defign,  is 
not  material;  but  by  Means  of  it,  the  Water  is  thrown  over  the 
Wheels  x x x x,  into  the  Axis  or  Spindle  of  the  little  Wheels, 
keeping  them  continually  moift. 

A 'Defcription  of  the  ‘Perffeciive  of  the  London  Bridge  Engine 

Plate  2 t.  Page  320. 

In  this  Draught,  at  one  Side  View,  is  feen  the  Grand  Wheel  of 
the  Engine,  with  the  Regulators  or  Leavers ; the  firft  is  mark’d 
A.  A.  the  others  B B.  at  each  of  which  are  the  Regulators  or  Lea- 
vers, which  from  the  Rotation  of  the  Spur  Wheels . c c , give  Mo- 
tion to  the  Cog-Wheels  D D D D,  and  they  again  to  the  Iron 
Rods,  mark’d  altogether  E at  both  Ends.  By  this 

F F F F,  containing  4 Piftons  at  every  Quarter,  are  all  moving 
up  and  down  alternately  in  the  Pipes  G G G G,  the  Suckets, 
which  are  a little  below,  ftill  opening  and  lhutting,  as  the  working 
of  the  Engine  requires. 

And  with  this  I fhall  finifh  what  I have  to  fay  as  to  the  complica- 
ted treble  Wheel  Engine;  I now  proceed  to  the  Angle  Wheel  Crank, 
and  vibrating  Leaver,  as  ufed  by  Mr.  Alderfea  in  the  Water  Works 
of  Woodftockj  Shrewsbury 3 and  other  Places. 
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B B B the  Thorough  or  Trough,  which  conveys  the  Water  upon 
the  Top  of  the  Wheel  C C into  feveral  Boxes,  made  fomewhat  like 
a Roman  Figure  of  V turn’d  a little  hoping,  which  having  pufb’d  on 
the  faid  Wheel,  is  delivered  into  a Wafte  or  Tail  Water  DDD, 
which  runs  thro’  one  of  the  fmall  Arches  or  Bridge  next  to  Rofa- 
mond’s  Bower. 

There  are  but  three  Cranks  on  a Side,  and  the  having  of  double 
Works  (viz,  three  of  a Side)  is  that  in  Cafe  any  of  the  Cranks  in 
one  Side  are  broke,  the  other  may  be  us’d,  which  is  either  faftned 
to,  or  loofen’d  from  the  Wheel  by  a Collar  pull’d  off  or  put  on 
at  ff. 

The  little  Letters  a a a a a a,  are  the  Keys  to  the  vibrating  Lea- 
vers, which  reft  on  the  Fulcrum  or  Prop  on  which  they  move  by 
the  Rotation  of  the  Wheel  C C ; which  turning  the  Cranks  mark’d 
Q.Q.Q.  0.0.0.,.  move  the  Leavers  C C C,  &c. 

The  Piftons  which  are  thereby  agitated,  and  put  into  Motion, 
and  which  are  well  known  by  the  Marks  O O O 00  O on  each 
End,  &c.  forces  the  Water  out  of  the  Coffer  r r r,  rrr,  fituate  as 
they  are  at  each  End,  from  whence  pafs  Pipes,  which  are  in  the 
Plan  unfeen,  under  one  of  the  Stair-Cafes  S S,  up  thro’  the  Bridge,, 
to  theCiftern  on  the  Top  of  the  Offices. 

T T T T are  Paffages  round,  and  in  the  Front  of  the  Engine, 
to  view  it  and  come  at  it,  to  keep  it  clean  from  the  upper  Part 
T 2 T 2,  is  as  high  as  the  Top  of  the  Wheel,  which  is  leven  Foot 
and  an  half  Diameter,  and  is  play’d  by  as  little  Water  as  any  En- 
gine of  this  Kind  can  be  ; the  little  Marks  ooo  o oo  0,  &c . are  the 
Foundations  of  a Grillade  of  Iron  Work  made  to  keep  any  Body 
that  afcends  the  Stairs,  and  goes  to  pull  up  the  Sluice  at  B from  fal- 
ling upon  the  Engine ; and  fomewhere  in  the  Coffers  near  Z, 
are°  Boy  Cocks,  being  hollow  Balls  of  Copper,  which  rife  or  fall, 
according  as  the  Water  in  the  Coffers  r r r,  i$c.  do  ; fo  that  when 
the  Coffers  are  Brim-full,  and  like  to  run  over,  thofe  Boy  Cocks 
fhut  clofe,  and  admit  of  no  more  Water  to  make  a Wetnefs  or 
Dirt  in  the  Engine  Houfe. 

There  are  Pipes  which  come  from  the  Stream  A,  thro’  the 
Wall  by  B,  which  fupply  the  faid  Coffers  with  all  common  Water:, 
But  there  was  a Defign,  whether  perfected  or  no,  I am  not  certain,., 
to  fill  one  of  the  Coffers,  (vizi)  that  next  x , with  fine  Water 
from  Rofamondi  s Well,  which  lies  within  about  100  Yards  of  that 
Place. 

I have  been  the  more  particular  in  my  Account  of  this  Engine, 
having  had  the  Pleafure  of  converfing  much  with  Mr.  Alder fea  the 
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curious  Contriver,  and  fhould  be  forty,  if  from  the  Length  of 
Time,  and  the  faint  Memorandums  I now  have  of  this  curious 
Piece,  it  be  not  the  moil  perfect ; thoI * * * * * 7  I think,  and  am  pretty 
lure,  that  there  is  nothing  very  material  omitted  in  it : And  in 
Behalf  of  the  Engine,  it  may  be  truly  faid,  tho7  perhaps  there  have 
been  feveral  Engineers,  who  have  fince  improv’d  upon  it ; yet,  as 
it  is  the  eafieft  Piece,  going  (comparatively  fpeaking)  with  as  li’ttle 
Noife  as  a Watch  orClock  ; fo  Mr.  Alderfea  (tho7  he  has  long  left  Art 
behind  him)  deferves  the  juft  Applaufe  of  all  honeft  ingenious  Men. 

There  is  one  Thing  which  I fee  liable  to  an  Objection,  which 
is  that  the  Fulcrum  or  Prop,  which  is  noted  by  the  Marks  a a a. 
is  not  in  the  Middle.of  the  Leavers,  which,  if  my  Memorandums 
fail  me  not,  is  Fadt  in  the  Execution  of  it ; but  if  it  be  an  Error 
it  is  fuch  a one  as  I could  not,  during  the  Hurry  of  Bufinefs,  and 
little  Time,  I have  had,  correct  • which  is  all  I have  to  add  in  this 
Place,  only  that  Y Y Y Y,  &c.  is  the  Foundation  of  the  Walls  en- 
compaifing  the  Work. 

A 'Defcription  of  the  new  Tart  of  the  Chelfea  Water-Work  Engine. 

Vide  Plate  23.  Page  324. 


I omit  the  old  Work,  becaufe  it  is  fo  near  the  Model  of  the  Spur 

and  Cog-Wheel  at  London  Bridge,  and  confine  my  felf  to  one  Part 

only  of  the  New  ; which  was  laft  eredted,  being,  as  it  is  faid,  the  In- 

vention of  the  late  ingenious  Mr.  Rowley , and  others,  and  which 

is  made  nearly  refembling  the  little  Model,  which  ftands  in  the 

Houfe  firft  erefted,  only  in  that  there  are  five  Piftons,  and  in  the 
erefted  Work  but  four.  ’ ne 

That  the  Engineers  (whoever  they  were)  proceeded  upon  the 
fame  Model  as  Mr.  Alderfea  did  at  Blenheim,  confining  themlel  vesta 
a tingle  Wheel  and  Cranks  only,  I need  but  juft  repeat ; and  that  this 
new  way  of  working  goes  eafier,  and  is  better  at  low  Water  than  the 
old,  Experience  teaches;  for  tho7  by  the  Number  of  Wheels,  and  the 
Nature  of  complicated  Work,  the  old  Work  goes  quicker  at  hfth 
Water  than  the  other,  the  Rotation  of  the  great  Wheel  moving  the 
Spur  and  Cog-Wheel  with  great  Celerity ; yet  the  Angle  Wheel 
when  unloaded  of  the  Weight  of  the  Tail  Water,  goes  much  quicker 
and  eafier  than  the  other,  which  is  much  impeded  by  the  Friftion 
of  one  Wheel  againft  another ; an  Obftruftion  fo  great,  that  were 
not  the  Quantity  and  Prefture  of  the  Water  almoft  invincible  it 
would  not  have  its  due  Effedt.  5 
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Nevertheless,  tho’  a great  many  Arguments  may  be  produc’d 
for  the  new  way  of  working,  where  the  Tail  of  the  Wheel  is 
clear’d  by  a quick  Paffage  of  the  Water  from  its  Tail ; yet  I can’t 
but  fay,  that  for  an  Engine  continually  working  in  the  Water,  as 
that  of  London  Bridge  does,  the  Addition  of  the  Spur  and  Cog- 
Wheel  is  the  Beft  for  the  Reafons  before  hinted  at.  This  being  pre- 
mis’d, let  the  Defcription  of  the  Engine  follow. 

A,  Fig.  1.  Tlate  23.  is  the  Trough  from  which  the  Water, 
by  the  pulling  up  a Sluice  there,  falls  under  the  Paffage  or 
Gang- way  on  the  Wheel  B B B,  the  wafte  Water  goes  off  at  C into 
the  River  Thames , the  Diameter  of  the  Wheel  is  24  Foot,  and 
about  5 or  6 Foot  wide,  and  the  Surface,  or  general  Height  of  the 
Water  in  the  largeft  Mill  Pond  or  Ponds,  which  the  induftrious  Un- 
dertakers have  in  all  the  low  Meadows  fo  judicioufly  made , is 

eight  Foot  •,  which  Water  falling  on  the  Bottom  of  the  Wheel  at 
B,  N0..  1.  gives  fuch  a Thruft,  as  mud,  comparatively  fpeaking, 
move  a Mountain.  How  much  that  Weight  is,  has  been  already 
demonftrated. 

For  the  farther  Demonftration  of  this  Engine,  let  it  be  added, 
that  the  Leavers  a a a a,  &e.  are  about  23  Foot  in  Length,  which 
by  the  Movement  of  the  Cranks  bbbb , have  a vibrating  Motion 
turn’d  as  they  are  on  the  Fulcrum  or  Props  at  oooo\cccc  are  the 
Places  where  the  four  Piftons  which  force  the  Water  up,  are  fix’d, 
which  being  fix’d  into  thofe  largeft  Places,  and  have  a Joint  a little 
below  it  in  the  Rod,  gives  Way,  and  prevents  that  Friftion  that 
would  otherwife  be  in  the  Barrels  below. 

Near  to  kkkk , &c.  at  each  End,  are  the  two  Engine  Trees, 
which  having  Pipes  that  come  Hoping  to  them  from  the  Coffers  or 
Boxes  where  the  Piftons  work,  the  Water  takes  its  Courfe  into  the. 
Pipe  l /,  thro’  which  it  is  flung  up  thro’  the  main  Pipe,  into  any 
Place  aflign’d. 

N N are  paflages  or  Gang-ways  to  go  round  the  Engine,  to  mend 
it,  to  make  Fires  to  keep  it  from  freezing,  and  the  like. 

The  PerfpeHive,  Fig.  2d.  Tab.  Tradibi.  is  fo  plain,  that  it  needs, 
no  further  Explanation  than  its  own  View,  only  at  aaaa  are  the 
Joints  in  the  Rods,  which  are  made  to  give  Play  to  thefe,  and 
were  there  little  Rowls  or  Wheels  in  the  Channels  or  Mortifies 
above,  it  would  ftill  help  to  prevent  the  Friftion  that  is  almoft  un- 
avoidable in  the  Fall  of  the  Piftons,  I fay,  almoft  unavoidable  ; 
for  as  the  Regulators  muft  of  Neceffity  move  upon  one  Axis  or 
Center  at  0000 , their  Vibration  muft  be  circular,  and  their  Fall 
not  exactly  perpendicular. 
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CHAP.  XXVIIL 


Of  the  Engine  for  raifing  Water  by  Firt . 


MONGST  the  feveral  Engines  which  have  been  con- 
triv’d for  the  raifing  of  Water  for  the  Supply  of 
Houfes  and  Gardens,  none  has  been  more  juftly  fur- 
prifing,  than  that  for  the  raifing  of  Water  by  Fire  ; the 
particular  Contrivance,  and  foie  Invention  of  a Gen- 
tleman, with  whom  I had  the  Honour  long  fince  to 
be  well  acquainted  ; I mean,  the  ingenious  Captain  Savery , fome- 
time  fince  deceafed,  but  then  a moft  noted  Engineer,  and  one  of  the 
Commiflioners  of  the  Sick  and  Wounded. 

This  Gentleman’s  Thoughts  (as  appears  by  a Preface  of  his  to  a 
little  Book  entituled,  The  Miner’ s Friend)  were  always  imployed 
in  Hydroftaticks  or  Hydraulicks,  or  in  the  Improvement  of  Water- 
Works  ; and  the  firft  Hint  from  which  it  is  faid  he  took  this  Engine, 
was  from  a Tobacco  Pipe,  which  he  immers’d  to  wafh  or  cool  it, 
as  is  fometimes  done  ; he  difcover’d  by  the  Rarefaction  of  the  Air  in 
the  Tube  by  the  Heat  or  Steam  of  the  Water,  and  the  Gravitation  or 
Impulfe  of  the  exterior  Air,  that  the  Water  was  made  to  fpring  thro’ 
the  Tube  of  the  Pipe  in  a wonderful  furprifing  Manner ; tho’  others 
fay,  that  the  learned  Marquifs  of  IV ore  eft er  in  his  Century  of  In- 
ventions (which  Book  I have  not  feen)  fee  *P age  68.  gave  the  firft 
Hint  for  this  raifing  Water  by  Fire. 

It  was  a confiderable  Time  before  this  curious  Perfon,  who  has 
Been  fo  great  an  Honour  to  his  Country,  could  (as  he  himfelf  tells 
us)  bring  this  his  Defign  to  Perfection,  on  Account  of  the  Auk- 
wardnefs  of  the  Workmen,  who  were  neceffarily  to  be  imploy’d  in 
the  Affair ; but  at  laft  he  conquer’d  all  Difticulties,  and  procur’d'a 
Recommendation  of  it  from  the  Royal  Society  in  Tranfac.  N°.  252. 
and  loon  after,  a Patent  from  the  Crown,  for  the  foie  making  this 
Engine  ; and  I have  heard  him  fay  rny  lelf,  that  the  very  firft  Time 
he  play’d,  it  was  in  a Potter’s  Houle  at  Lambeth , where  tho’  it  was  > 
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a fmall  Engine,  yet  it  forc’d  its  Way  thro’ the  Roof,  and  ftruck  Un 
the  Tiles  in  a Manner  that  furpris’d  all  the  Spectators.  ^ 

About  the  Year  1699,  he  wrote  a fmall  Pamphlet  or  Treadle 
concerning  this  Engine  which  I have  juft  now  mention’d,  wherein 
he  has  exhibited  a Draught  of  it,  (which,  with  its  Improvements,  is 
to  be  found  in  the  next  Plate)  as  alfo,  a particular  Defcription  of 
its  Ufes,  which  will  follow  in  this  Chapter : But  as  that  confifted 
of  a double  Receiver,  and  a great  many  Particulars  not  fo  eafy  for 
a Learner  at  firft  Sight  to  underftand,  I have  firft  of  all  inferted 
that  Draught,  with  the  Account  thereof,  which  Mr.  Bradley  in  his 
New  Improvements  of  Blunting  and  Gardening  has  given  us  of 
that  at  Cambden  Houle,  it  being  an  Engine  of  Mr.  Saverf  s own 
Invention,  and  which  is  the  plained:  and  bed:  proportion’d  of  any 
that  I have  feen ; and  after  that,  I fhall  give  the  Author’s  own  Draw- 
ings, and  the  Account  by  himfelf  publifh’d  of  his  double  Receiver, 
with  the  Improvements  thereunto  made,  which  are  undoubtedly 
necelTary  in  great  Heights,  and  where  great  Quantities  of  Water 
are  to  be  rais’d. 

J ’Defcription  of  the  Fire  Engine Fig.  1.  Plate  24. 

A The  Fire 

B The  Boiler  ; a Copper  VefTel  of  a fpherical  Figure,  in  which 
the  Water  is  boiled  and  evaporated  into  Steam,  which  palfes  thro’ 
C The  Regulator,  which  opens  to  let  it  into 
D the  Steam  Pipe  (of  Copper)  through  which  it  defcends  into 
E the  Receiver,  which  is  a Velfel  of  Copper  alfo,  that  at  drft 
fetting  to  Work,  is  full  of  Air,  which  the  Steam  will  difcharge  thorough 
F the  Engine  Tree,  and  up  the  Clack  at 

K (the  Plug  of  the  faid  Clack  to  come  at  and  repair  the  fame,  if 
need  be)  and  lb  the  Air  afcends  in 

L the  Force  Pipe-——,  alter  E is  void  of  Air,  which  is  found  by 
its  being  hot  all  over,  then  ftop  the  Steam  at 

C and  throw  a little  cold  Water  on  at  E,  and  the  fucking  Clack 
will  open  at 

I (which  is  the  Plug  of  the  faid  Clack)  and  fill  E with  Water 3 
which  will  afcend  thorough 
G the  Sucking  Pipe  from 
H the  Pond,  Well,  or  River. 

This  being  done,  proceed  to  raife  your  Water,  ( vizi ) 

Firft,  Turn  C to  let  the  Steam  pafs  from  the  Boiler  into  E,  and 
it  will  force  the  Water  therein  thorough  F by  KupL ; which  Water 
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can’t  defcend,  becaufe  of  the  Clack  at  I.  When  E is  thus  emptied, 
which  may  eafily  be  perceived,  by  its  being  hot,  as  before,  turn  C, 
and  confine  your  Steam  in  B ; then  open  the  Cock  M,  which  will 
let  a little  cold  Water  into  E,  and  that  by  condenfing  the  Steam  in 

E,  will  caufe  the  Water  to  afcend  immediately  from  H,  and  reple- 
nifh  E. 

Then  turn  C,  to  let  the  Steam  into  E,  and  it  will  Force  the  Wa- 
ter out  of  it  up  L,  into  a Ciftern  at  O,  placed  at  the  Top  to  receive 
it.  Then  confine  your  Steam  at  C,  as  before,  and  turn  M for  the 
fpace  of  a Second  or  two  of  Time,  andE  will  be  refill’d,  which  may 
again  be  difcharg’d  up  L,  as  before:  So  that  this  Work  may  be 
continued  as  long  as  you  pleafe,  if  you  keep  the  Water  in  B. 

If  you  turn  the  Cock  N,  and  then  only  Steam  comes  out  of  it, 
(without  hot  Water)  the  Boiler  muft  be  replenifh’d  with  frefh  Wa- 
ter ; but  our  Boiler  of  Water  will  laft  a long  while. 

When  you  have  rais’d  Water  enough,  and  you  defign  to  leave 
off  working  the  Engine,  take  away  all  the  Fire  from  under  the 
Boiler,  and  open  the  Lock  N to  let  out  the  Steam,  which  would 
otherwife  (was  it  to  remain  confin’d)  perhaps  burft  the  Engine. 

It  muft  be  noted,  that  this  Engine  is  but  a fmall  one,  in  Compa- 
rifon  of  many  others  of  this  Kind,  that  are  made  for  Coal  Works; 
but  this  is  fufficient  for  any  reafonable  Family,  and  other  Ufes  re- 
quired for  it  in  watering  all  middling  Gardens. 

The  Proportion  of  the  feveral  Parts  of  it  as  it  now  ftands  at 
Cambden  Houfe,  take  from  Mr.  Bradley , as  follows. 

The  Pipe  from  the  Surface  of  the  Water,  to  the  Engine  Tree 

F,  is  16  Foot,  which  is  the  Length  it  fucks  the  Water,  or  rather 
through  which  the  Water  is  drove  by  the  outward  Force  of  the 
Atmolphere ; but  as  the  aforefaid  ingenious  Gentleman  obferves,  might 
be  made  to  draw  or  force  Water  (according  to  the  Laws  of  Hydro- 
ftaticks) 28  Foot  very  well;  but  according  to  the  Rules  before  men- 
tioned, to  33  or  34  Foot;  however,  in  Attempts  of  this  Kind,  it 
is  better  to  be  under  your  Mark,  than  above  it. 

But  to  proceed  from  the  Engine  Tree  F,  up  to  the  great 
Ciftern  which  receives  the  Water,  is  42  Foot  (but  as  Mr.  Bradley 
thinks)  might  be  100  Foot  high,  if  fucli  a Quantity  of  Steam  be 
allow’d  as  is  proportionable  to  the  Length  of  the  Pipe. . 

The  Diameter  of  the  Bore, as  well  of  the  fucking  PipeG,  as  of  the 
force  PipeL,  is  three  Inches ; and  of  the  Steam  Pipe  D about  an  Inch, 
The  Receiver  holds  13  Gallons  of  Water,  . and  the  Boiler  three 
times  that  Quantity, . 
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When  this  Engine  begins  to  work,  you  may  raife  four  of  the 
Receivers  full  in  one  Minute,  which  is  5 2 Gallons;  and  at  that  Rate,  in 
an  Hour’s  Time,  may  be  flung  up  3110  Gallons,  which  at  60  Gal- 
lons to  the  Hogfhead,  is  52  Ploglheads:  So  that  were  this  fmall  En- 
gine to  work,,  it  would  throw  up  1248  Hoglheads  (if  Mr. 
Bradley' s Calculation  is  right)  in  24  Hours.  And  if  there  were 
two  Receivers,  which  is  generally  praftis’d  in  Coal  Works,  the 
one  to  fuck,  while  the  other  difcharges  it  felf,  then  there  would 
be  rais’d  <5a 40  Gallons  in  an  Hour,  which  is  104  Hoglheads,  and 
confequently  a Day  would  produce  2496  Hoglheads. 

The  prime  Coll  of  fuch  an  Engine  is  about  50  Pound,  as  I my 
felf  have  had  it  from  the  ingenious  Author’s  own  Mouth,  and  the 
Quantity  of  Coals  requir’d  to  work  it,  about  half  a Peck,  which 
need  not  be  renew’d  above  6 or  8 Times,  were  it  to  be  wrought 
the  whole  24  Hours,  which  fuppofing  to  be  a Bulhel  at  mod,  is  not 
above  12  d.  in  London,  but  much  cheaper  in  many  other  Places; 
the  Expence  is  not  confiderable  to  what  Horfe  Work  is,  which 
mull  be  Ihifted  twice  or  thrice  a Day,  efpecially  in  all  Coal  and 
Wood  Countries,  where  Horfes  are  likewife  generally  let  at  dearer 
Rates,  than  at  other  Places,  on  account  of  that  greater  Quantity 
of  Carriage  there  is  in  thofe  Places,  more  than  is  in  others. 

The  chief  Thing  that  feems  to  be  objedled  againfl  the  Nature  of 
the  Engine  juft  mention’d  as  to  the  Expence,  is  the  making  the 
Fire  in  the  open  Air  as  it  were,  and  under  a Trivet  ; becaule  the 
Heat  in  Rich  a Latitude  will  evaporate,  and  not  be  fo  llrong,  as  when 
it  is  confin’d  into  a narrow  Compafs,  and  confequently  there  mull 
be  a greater  Expence  and  Waftc  of  Wood  and  Coal,  than  when  it  is 
thus  contracted,  which  makes  it,  I think,  better  to  have  the  Fire 
enclos’d  in  a Stove  or  Furnace,  than  under  any  open  fpherical 
Figure. 

Proceed  we  now  then  to  the  double  Receiver,  as  we  have  it 
from  the  firft  Thought  of  our  ingenious  Inventor,  and  after  that,  to 
the  Improvements  that  have  been  fince  made  to  it. 

A Defer  lotion  of  the  double  Tire  Engine , and  of  the  Method  of 
working  it0  Plate  24.  Fig.  2 and  3. 

The  foregoing  Chapter  treating  of  the  Method  of  working  the 
Angle  Fire  Engine,  which  may  lerve  for  the  Supply  of  any  reafon- 
able  fmall  Family,  and  Gardens  thereunto  belonging,  it  is  requi- 
flte  in  the  next  Place,  that  we  confider  the  double  Barrel  and  double 
Furnaced  one,  which  is  requir’d  in  all  large  Buildings  and  Gardens, 
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as  well  as  Mines,  and  other  deep  Places,  which  is  extra&ed  from 
the  Author’s  own  Account  of  it,  in  a little  Treatife  before  mention- 
ed, call’d,  The  Miner’s  Friend , publifh’d  alfo  in  the  Tranfa&ions 
of  the  Royal  Society,  Numb.  252. 


A Tdefcription  of  the  Engine , Plate  24,  Fig.  1. 


A,  The  Furnaces. 

B B,  The  two  Fire  Places. 
12 


C,  The  Funnel  or  Chimney. 

D,  The  fmall  Boiler. 

E,  The  Pipe  and  Cock  of  it. 

F,  The  Screw  that  covers  and  confines  the  Force. 


G,  A fmall  Cock  to  a Pipe  going  within  eight  Inches  of  its  Bottom. 

H,  A larger  Pipe  going  the  fame  Depth. 

I,  A Clack  on  the  Top  of  the  faid  Pipe. 

K,  A Pipe  going  from  the  Box  of  the  faid  Clack  or  Valve,  into 
the  great  Boiler,  about  an  Inch  into  it. 

L,  The  great  Boiler. 

M,  The  Screw  with  the  Regulator. 

N,  A fmall  Cock  and  Pipe  going  half  Way  down  the  great  Boiler.’ 
O O,  Steam  Pipes,  at  one  End  of  each  are 

1.2,  Screws  to  the  Regulator,  and  the  other  End  to  the  Receivers. 
P P,  The  Velfels  call’d  Receivers. 


1.2,  Screws  to  P P. 

Q.  The  Screws  which  bring  on  the  Pipes  and  Clacks  into  the 
Front  of  the  Engine. 


R R R R,  Numb.  r.  2.  3.  4.  Valves  or  Clacks  of  Brafs,  with 
Screws  to  open  and  come  at  them  upon  Occafion,  * 

S,  The  Force  Pipe. 

T,  The  fucking  Pipe. 

V,  A fquare  Frame  of  Wood,  with  Holes  round  its  Bottom  in 
the  Water. 

X,  A Cittern,  with  a Buoy  Cock,  coming  from  the  Bottom  of 
the  faid  Cittern. 

Z,  The  Handle  of  the  Regulator. 


The  Manner  of  working  this  Engine  is,  firtt,  there  is  a good  double 
Furnace,  fo  contriv’d,  that  the  Flame  of  your  Fire  may  circulate 
round,  and  encompafs  your  two  Boilers  to  the  beft  Advantage,  as 
you  do  Coppers  for  brewing.  Before  you  make  any  Fire,  unferew 
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G and  N,  being  the  two  fmall  Gauge  Pipes  and  Cocks  belonging  to 
the  two  Boilers.  And  at  the  Holes  fill  L the  great  Boiler  two 
thirds  full  of  Water,  and  D the  fmall  Boiler  quite  full;  then  screw 
in  the  laid  Pipes  again  as  faft  and  tight  as  polfible.  Then  light  the 
Fire  at  B N°.  i.  When  the  Water  in  L Boils,  the  Handle  of  the 
Regulator  mark’d  Z,  muft  be  thruft  off'  from  you  as  far  as  ’twill  go, 
which  makes  all  the  Steam,  rifing  from  the  Water  in  L,  pafs  with 
irrefiftible  Force  through  ON0,  i.  into  P.  N°.  i.  making  a Noife 
as  it  goes  ; and  when  all  is  gone  out,  the  Bottom  of  the  Veffel  P, 
N°.  r.  will  be  very  hot.  Then  pull  the  Handle  of  the  Regulator 
towards  you;  by  which  Means  you  flop  O.  N°.  i.  and  force  your 
Steam  through  O.  N°.  2.  into  the  P.  N°.  2.  until  that  Velfel  has 
difcharg’d  its  Air  through  the  Clack  R.  N°.  2.  up  the  Force  Pipe. 
In  the  mean  Time,  by  the  Steam’s  condenfing  in  the  Veffel  P.  N°.  1. 
a Vacuum  or  Emptinefs  is  created,  fo  that  the  Water  muft  and  will 
neceffarily  rife  up  through  I the  fucking  Pipe,  lifting  up  the  Clack 
R.  N°.  3.  and  filling  the  Veffel  P.  N°.  I. 

In  the  mean  Time,  the  Veffel  P.  N°.  2.  being  emptied  of  its 
Air,  turn  the  Handle  of  the  Regulator  from  you  again,  and  the 
Force  is  upon  the  Surface  of  the  Water  in  P.  N°.  1.  which  Surface 
being  only  heated  by  the  Steam,  it  does  not  condenfe  it,  but  the 
Steam  gravitates,  or  preffes  with  an  elaftick  Quality  like  Air ; ftill 
increafing  its  Elafticity  or  Spring,  till  it  counterpoifes,  or  rather  ex- 
ceeds the  Weight  of  the  Water  afcending  in  S the  forcing  Pipe  ; out 
of  which  the  Water  in  P.  N°.  1.  will  be  immediately  difcharg’d, 
when  once  gotten  to  the  Top ; which  takes  up  fome  Time  to  re- 
cover that  Power,  which  having  once  got,  and  being  in  Work,  it 
is  eafy  for  any  one  that  never  faw  the  Engine,  after  half  an  Hour’s 
Experience,  to  keep  a conftant  Stream  running  out  the  full  Bore  of 
the  Pipe  S.  For  on  the  out-fide  of  the  Veffel  P.  N°.  1.  you  may 
fee  how  the  Water  goes  out,  as  well  as  if  the  Veffel  was  tranfparent ; 
for  as  the  Steam  continues  within  the  Veffel,  fo  far  is  the  Veffel  dry 
without,  and  fo  hot,  as  one  is  fcaree  able  to  endure  the  leaft  Touch 
with  one’s  Hand  ; but  as  far  as  the  Water  is,  the  faid  Veffel  will  be 
cold  and  wet,  where  any  Water  has  fallen  in  it ; which  Cold  and 
Moifture  vanifhes  as  faft  as  the  Steam  in  its  Defcent  takes  Place  of 
the  Water.  But  if  you  force  all  the  Water  out,  the  Steam,  or  a 
fmall  Part  thereof  going  through  R.  N°.  1.  will  rattle  the  Clack 
fo,  as  to  give  fufficient  notice  to  pull  the  Handle  of  the  Regulator 
to  you ; which  at  the  fame  Time  begins  to  force  out  the  Water 
from  P. N°.  2.  without  the  leaft  Alteration  of  the  Stream;  only 
fcmetimes  the  Stream  of  Water  will  be  fome  what  ftronger  than  be- 
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fore,  if  you  pull  the  Handle  of  the  Regulator  before  any  confide- 
rable  Quantity  of  Steam  be  gone  up  the  Clack  R.  N°.  i.  but  it  is 
much  better  to  let  none  of  the  Steam  go  off  (for  that  is  but  lofing 
fo  much  Strength)  and  is  eafily  prevented,  by  pulling  the  Regula- 
tor  fome  little  Time  before  the  Veflel  forcing  is  quite  emptied. 
This  being  done,  immediately  turn  the  Cock  or  Pipe  of  the  Ciftern 
X on  P.  N°.  r.  fo  that  the  Water  proceeding  from  X through 
LY  (which  is  never  open,  but  when  turn’d  on  P.  N°.  f.  orP. 
N°.  2.  but  when  between  them  is  tight  and  flanch)  I lay,  the  Wa- 
ter falling  on  P.  N°.  i.  caufes  by  its  Coolnefs  the  Steam  (which 
had  fuch  great  Force  juft  before)  by  its  elaftick  Power,  to  condenfe, 
to  become,  in  the  Language  of  our  Author,  a Vacuum,  or  empty 
Space.  So  that  the  Veffel  P.  N°.  i.  is  by  the  external  PrelTure  of 
the  Atmofphcre,  or  what  is  vulgarly  call’d  Su&ion,  immediately 
refilled,  while  P.  N.  2.  is  emptying  : Which  being  done,  you  pufh 
the  Handle  of  the  Regulator  from  you,  and  throw  the  Force  on  P. 
N°.  2.  caufing  the  Stream  in  that  Veflel  to  condenfe,  fo  that  it  fills 
while  the  other  empties : The  Labour  of  turning  thefe  two  Parts 
of  that  Engine,  viz.  the  Regulator  and  Water-Cock,  and  tending 
the  Fire,  being  no  more  than  what  a Boy’s  Strength  can  perform 
for  a Day  together. 

The  ingenuous  Reader  will  probably  here  objefr,  that  the  Steam 
being  the  Caufe  of  this  Motion  and  Force,  and  that  Steam  is  but 
Water  rarified,  the  Boiler  L muft  in  fome  certain  Time  be  emptied 
fo  as  the  Work  of  the  Engine  muft  ftop  to  replenifh  the  Boiler  or 
endanger  the  burning  out,  or  melting  the  Bottom  of  the  Boiler/ 

To  anfwer  which,  be  pleas’d  to  obferve  the  Ufe  of  the  fmall 
Boiler  D.  when  it  is  thought  fit  by  the  Perfon  tending  the  Engine 
to  replenifh  the  great  Boiler  (which  requires  an  Hour  and  an  Half 
or  two  Hours  Time,  to  the  finking  one  Foot  of  Water):  Then  I 
fay,  by  turning  the  Cock  of  the  fmall  Boiler  E,  you  cut  off  all 
Communication  between  S the  great  Force  Pipe,  and  D the  fmall 
Boiler  ; by  which  Means  D grows  immediately  hot,  by  throwing 
a little  Fire  into  B.  N°.  2.  the  Water  of  which  boils,  and  in  a 
very  little  Time  it  gains  more  Strength  than  the  great  Boiler  • for 
the  Force  of  the  great  Boiler  being  perpetually  fpending  and  going- 
out,  and  the  other  winding  up,  or  increafing,  it  is  not  long  before 
the  Force  in  D exceeds  that  in  L;  fo  that  the  Water  in  D being 
deprefs’d  in  D by  its  own  Steam  or  Vapour,  muft  neceflarily  rife 
through  the  Pipe  I<  into  L,  running,  till  the  Surface  of  the  Water 
m D is  equal  to  the  Bottom  of  the  Pipe  H„ 
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Then  the  Steam  and  Water  going  together,  will  by  a Nolle  in 
the  Clack  I give  fufficient  Afiurance,  that  D has  difcharg’d  and 
emptied  itfelf  into  L,  to  within  eight  Inches  of  the  Bottom:  And  in  as 
much  as  from  the  Top  of  D,  to  the  Bottom  of  its  Pipe  H,  is 
contain’d  about  as  much  Water  as  will  replenifh  one  Foot ; fo  you 
may  be  certain,  L is  replenilh’d  one  Foot  of  courfe : Then  you  open 
the  Cock  I,  and  refill  D immediately. 

By  which  you  will  fee,  that  here  is  a conftant  Motion,  without 
Fear  or  Danger  of  Diforder  or  Decay;  and  if  you  would  at  any 
Time  know  if  the  great  Boiler  L be  more  than  half  exhaufted, 
turn  the  fmall  Cock  N,  whofe  Pipe  will  deliver  Water,  if  the  Wa- 
ter be  above  the  Level  of  its  Bottom,  which  is  half  Way  down  the 
Boiler,  if  not,  it  will  deliver  Steam. 

So  likewife  will  G Ihew  you,  if  you  have  more  or  lefs  than  eight 
Inches  of  Water  in  D,  by  which  Means  nothing  but  a ftupid  Ne- 
gleft,  or  mifchievous  Defign  carried  on  fome  Hours,  can  any 
Ways  hurt  the  Engine.  And  if  a Matter  is  fufpicious  of  the 
Defign  of  a Servant  .to  do  Mifchief,  it  is  eafily  difcovered  by 
thofe  Gauge  Pipes:  For  if  he  comes  when  the  Engine  is  at  Work? 
and  finds  the  Surface  C of  the  Water  in  L,  below  the  Bottom 
of  the  Gauge  Pipe  N,  or  the  Water  in  D below  the  Bottom  of 
G.  fuch  a Servant  deferves  Correftion ; tho’  three  Hours  after 
that,  the  working  on  would  not  damage  or  exhauft  the  Boilers: 
So  that  in  a Word  the  Clacks  being  in  all  Water-Works  always 
found  the  better  the  longer  they  are  us’d  ; fo  here  the  fame  Effect 
is  found,  and  all  the  moving  Parts  of  the  Engine  being  of  like 
Nature,  the  Furnace  being  made  of  Sturbridge  or  fVindfor  Brick, 
or  Fire  Stone,  I don’t  fee  it  poffible  for  the  Engine  to  decay  in 
many  Years. 

For  befides  all  the  Clacks,  Boxes,  and  Water-Pipe,  Regulator,, 
and  Cocks  are  all  of  Brafs ; and  the  Velfels  are  made  of  the  belt 
hammer’d  Copper,  of  fufficient  Thicknefs  to  fuftain  the  Force  of 
the  Working-Engine  : In  fhort,  the  Engine  is  fo  naturally  adapted 
to  perform  what  is  requir’d,  that  even  thofe  of  the  moft  ordinary 
and  meaneft  Capacity  may  work  it  for  fome  Years  without  Injury, 
if  not  hired  or  employ’d  by  fome  bafe  Perfon  on  Purpofe  to  deftroy 
it : For  after  the  Engine  is  once  fix’d,  and  at  work,  I may  modeftly 
affirm,  that  the  Adventurer  or  Supervifor  of  the  work  will  be 
freed  from  that  perpetual  Charge,  Ex  pence  and  Trouble  of  Re- 
pairs, which  many  Engines  are  generally  liable  to. 

Thus  far  the  Ingenious  Captain  Savery  as  to  the  Working  of 
his  Engine ; many  other  Inftru&ions  has  he  likewife  left  us  to  the 
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fixing  his  Engine,  for  the  Service  of  Gentlemens  Houfes,  Coal- 
Works, 

All  which,  with  other  Neceflaries,  may  I think  be  fumm’d  up  in. 
thefe  few  Lines,  that  the  Engine  be  fix’d  on  the  higheft  Ground,  or 
as  near  as  polfible  the  Refervoir  that  is  to  fupply  the  Houfe  and 
Gardens,  if  in  the  open  Air;  for  the  Advantage  of  this  as  well  as  the 
Chain-Pump,  is  that  you  may  ufe  them  on  the  higheii  Hill,  and  they 
certainly  fave  that  Expence  of  Pipe  which  is  unavoidable  where-ever 
you  force  up  your  Water  by  Crank-Work,  not  but  they  are  uleful 
where  Cranks  are  too.  But  if  you  are  to  force  up  your  Water  to  the 
Top  of  a high  Tower,  then  of  courfe  you  muft  place  your  Engine 
therein,  and  one  and  the  fame  Building  will  ferve. 

It  is  obfervable,  that  all  thofe  Engines  that  are  plac’d  fo  as  to  raife 
Water  to  a confiderable  Height,  that  the  Furnaces  are  plac’d  about 
2 r,  22  or  23  Feet,  and  fometimes  more,  above  the  Surface  of  Water  in 
the  Well  or  Pond,  out  of  which  you  are  to  draw  the  Water ; becaufe 
the  external  Preffure  of  the  Air,  or  in  other  Words  the  Atmofphere 
forces  the  Water  by  Nature  up  to  that  Height  where  this  Engine 
takes  it,  as  it  does  in  all  other  Pumps  and  Engines. 

T o follow  our  Author  for  Palaces,  or  the  Nobility’s,  or  Gen- 
tlemens Houles,  you  may  fix  the  Engine  in  any  remote  or  out- 
Room,  whole  Floor  as  before  is  not  above  20  or  25  Foot  from  the 
Level  of  your  Water  ; but  in  Cafe  the  Surface  of  the  Water  is  apt  to 
rife  and  fink,  as  many  Springs  are  apt  to  do,  there  you  mull  take  the 
lowell : But  you  may  continue  your  force  Pipe  up  to  the  Top  of 
your  Houfes,  be  it  70,  80  or  100  Feet,  making  your  Furnaces  either 
larger  or  fmaller,  according  to  the  different  Heights  you  are  to  throw 
your  Water  ; at  the  top  of  which  Houle  you  are  to  fix  your  Cillern, 
into  which  the  Pipes  alfo  mull  be  laid  that  are  to  convey  the  Water 
to  its  leveral  Ules. 

This  way  of  Cilterns  on  the  Tops  of  Houfes  or  Palaces  would 
be  of  lingular  Ufe  in  cafe  of  Fire,  as  is  faid  before  ; for  in  every 
Stair-Cafe  a Pipe  may  go  down  the  Corner,  or  behind  the  Wainfi- 
cot,  fo  as  to  be  no  Blemifh  even  to  the  finell  Stair-Cafe. 

A t every  Floor  there  may  be  a Turn-Cock  with  a Screw  ; at 
the  utmoll  End  you  may  likewife  have  a fmall  Leather  Pipe  kept 
well  oil’d  in  a Cupboard  or  Cavity  in  your  Wall,  which  may  not 
be  feen  but  on  the  opening  fome  Part  of  the  Wainfcot or  luch 
other  Contrivance  as  the  Ingenious  Builder  fhall  think  fit  to  make 
ufe  of.  This  Pipe  of  Leather  mull  be  long  enough  to  reach  from, 
the  Landing  Place  or  Stair-head  into  all  the  Rooms  adjoyning  to  it. 
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One  End  of  this  Pipe  may  have  a Screw  to  fit  the  Cock  in 
the  other  Pipe  ; and  at  the  other  End  a Pipe  like  the  Nofe  of  a Pair 
of  Bellows ; fo  that  wherever,  though  under  a Bed,  or  the  remoteft 
part  of  any  Room  in  the  Houfe,  the  Fire  breaks  out  or  is  difcover’d ; 
any  Servant  having  fcrew’d  the  Pipe  to  the  Cock,  flops  the  Nofle 
with  his  Thumb  till  he  comes  to  the  Place  where  the  Fire  is,  when 
taking  away  his  Thumb,  he  by  directing  the  Nofle  to  the  Fire,  im- 
mediately extinguifhes  it ; which  being  liable  to  be  inftantly  ufed, 
I think  a Houfe,  Palace,  &c.  that  has  this  Invention,  may  be  faid  to 
be  morally  out  of  Danger  of  being  deflroy’d  or  fo  far  injur’d,  as 
TVhiteball  and  Kenjington  have  within  thefe  few  Years  been. 

This  Command  of  Water  mufl  be  allow’d  to  be  a vafl  Advan- 
tage to  any  Houfe  whatfoever,  where  Brewing,  Walking,  &c.  is 
ufed  ; the  Copper  flanding  high,  may  be  fill’d  as  eafy  as  if  it  flood 
low,  by  which  means  the  hot  Liquor  may  be  contriv’d  to  go  to  all 
your  Coolers  and  other  Veffels,  either  by  a Siphon,  Stop-Cock  and 
the  like,  without  the  Labour  of  Pumping  or  Boiling  with  Buckets. 

How  ufeful  it  is  in  Gardens  and  Fountain- Works  may  or  might 
have  been  feen  in  the  Garden  of  that  Right  Noble  Peer  the  prefent 
Duke  of  Chandois , at  his  late  Houfe  at  Sion-Hill;  where  the  Engine 
was  plac’d  under  a delightful  Banquetting-Houfe,  and  the  Water 
being  forc’d  up  into  a Ciflern  on  the  top  thereof,  us’d  to  play  a 
Fountain  contiguous  thereto  in  a very  delightful  Manner. 

For  the  Draining  of  Fens  and  the  like,  this  Engine  is  no  lefs 
ufeful,  but  mufl  be  made  very  large  in  the  Bore  of  the  evacuating 
Pipe  ; for  at  all  fmall  Fleights  a fmall  Quantity  of  Fire  will  deliver  a 
prodigious  Quantity  of  Water.  For  fuppofe  we  fuck  twenty  Foot,  if 
the  Boiler  does  but  fill  the  Veffels  called  Refervers,  with  Stream 
flrong  enough  to  counterpoife  or  exceed  the  Force  of  the  Atmofphere, 
or  Spring  of  the  common  Air,  it  will  difcharge  them  at  fo  fmall  a 
Pleight  as  30  Foot  Force  in  a very  little  Time : And  the  Steam  having 
very  little  Force  is  immediately  condenfed,  fo  that  it  will  prefently 
fuck  full,  in  one  of  the  Veffels,  while  the  other  is  difcharg’d. 

N o w in  as  much  as  the  Fire  being  more  or  lefs,  adds  nothing  to 
the  Suflion  ; I think  fuch  Lifts  being  feldom  above  3 6 or  under  6 
Foot,  all  the  Diretlions  farther  needful  for  the  fixing  the  Engine  for 
this  Ufe,  is  in  all  Lifts  under  20  Foot ; to  place  your  Engine  fo  as  a 
little  above  your  Force-Clacks,  may  be  the  Place  of  the  Delivery  of 
your  Water  into  a convenient  Refervoir  or  Trough,  to  be  carried  off 
at  the  mofl  proper  Place  for  its  Difcharge. 

I f it  be  any  Height  above  24  Foot  or  thereabouts,  you  have  no- 
thing to  do  but  to  continue  the  Length  of  your  force  Pipe  to  the 

Height 
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Height  requir’d  ; it  ought  to  have  a Shed  or  Covering,  not  only  in 
this  (but  in  all  other  Places)  and  to  be  plac’d  at  the  loweft  Place  of 
your  Fen  or  Bog,  as  other  Engines  defign’d  for  that  Purpole  gene- 
rally are  : And  thus  much  of  the  Ufes  and  Manner  of  fixing  it,  as  I 
have  it  from  the  Author,  or  from  what  has  occur’d  to  my  own  Ob- 
fervation  on  this  Head  ; as  for  the  Working  of  it  in  Mines  and 
Coal-Pits,  I refer  the  Reader  to  the  Author’s  Treatife  it  felf,  as  it 
is  Printed  for  S.  Crouch  at  the  Corner  of  Tope’ s-Head- Alley  in  Corn- 
hill , Anno  1702. 

Proceed  we  now,  according  to  Promife,  to  a Capitulation  of 
the  Improvements  that  have  been  made  to  this  ufeful  Engine,  which 
will  be  in  a great  Meafure  fumm’d  up  in  that  Noble  Engine  ere&ed 
for  the  Ufe  of  the  Tork-Buildings. 

T o finilh  this  long  Account  of  the  furprifing  Engine  for  the 
raifing  of  Water  by  Fire  : I produce  this  laft  Improvement  of  it  by 
Mr.  Thomas  Newcomen , which  makes  it  undoubtedly  the  beauti- 
fulleft  and  molt  ufeful  Engine  that  any  Age  or  Country  ever  yet 
produc’d. 

The  following,  vid.  Machine,  Tlate  2 5 . differs  in  no  eflentia! 
Part  from  that  fet  up  at  the  Tork-Buildings only  the  Pump-Work 
is  double  : And  all  Engines  that  are  in  Mines  have  their  Pumps  un«f 
der  Ground,  fix’d  in  the  Pit : The  Pumps  being  either  fucking,  lift- 
ing, or  forcing  Pumps,  according  to  the  Conveniency  or  Circum- 
fiances  of  the  Place. 
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CHAP.  XXIX. 

A Defer  iption  of  the  Engine  to  raife  Water  by  Fire , fix'd 
in  a Frame  of  Timber  inftead  of  the  ufual  Engine-  Houfe, 
as  Improv'd  by  Mr.  Newcomen. 

A 2,  E Leaver,  or  great  Beam  of  the  Engine, 

’ • * 's  moving  upon  its  Centre  at  C,  whole  Ends 

are  alternately  pull’d  down  by  the  Pifton  in 
the  Cylinder,  and  by  the  Plug  or  Forcer  of 
the  Pump. 


'MM  a i,  a 4,  a 7,  a 3,  The  Arches  fix’d  to  the 

Ends  of  the  Beam,  to  carry  the  Chains  that  fuftain  the  Pifton  and 
the  Plug  • in  order  to  have  the  Strokes  perpendicular  in  the  Cylin- 
der and  the  Forcing-barrel  or  Working-piece,  in  the  Lines  a 4 and  x 6. 

Cn  C c 2.  Two  ftrong  wooden  Springs,  to  weaken  the  Blow 
<dven  by  the  Bars  at  the  Ends  of  the  Leaver  when  the  Stroke  is  too 
foncr  that  the  Machine  may  not  receive  too  great  a fliock. 

Two  ftrong  Iron  Bars  crofting  the  two  extreme  Arches 
oF  the  Leaver,  to  prevent  the  Ends  from  coming  down  too  low  in 

cafe  the  Chain  at  either  end  Fhould  break.  ' . 

D Another  little  Arch  upon  the  Beam,  to  carry  a Cham  that 
draws  up  and  lets  down  the  working-Timber  />/  1,  p p 2,  (by  the 
Engineers  belonging  to  the  Mines  call’d  the  T lug- Frame)  which,  in 
rifing  and  finking  perpendicularly,  does,  by  its  feveral  Pins  alter- 
nately open  and  ihut  the  Regulator  T,  and  the  Injeftion-Cock 

E The  Rod  which,  hanging  at  the  Cham  ot  the  Arch  a 2,  a 
draws  up  and  lets  down  the  loaded  Forcer  or  Plug  ; which  Forcer, 
bv  its  motion  in  the  Working-piece,  or  Forcing-barrel  F,  brings  up, 
out  of  the  Well  under  it,  , and  forces  up  thro’  the  Pipes,  into  the  Re- 
fervoir,  a Column  of  Water  almoft  as  heavy  as  the  faid  Forcer ; 
’ which 
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which  is  only  loaded  with  fo  much  more  weight  as  to  give  the  Wa- 
ter  a inefficient  Velocity,  that  the  Quantity  requir’d  maybe  rais’d  and 
deliver  d into  the  Ilefervoir  in  a given  time  : And,  that  neither  Air 
nor  Water  may  pais  between  the  faid  Forcer  and  Barrel,  it  goes  thro’ 
t wo  Collars  Oi  Leather,  which  are  fcrew’d  between  three  Rings  of 

• SX  d -on  5he . uPPer  FJanch  of  the  faid  Forcing-barrel.  °The 
middle  Ring  is  of  Brafs,  and  ferves  for  a Guide  to  the  Forcer,  being: 
of  a leffer  bore  than  the  other  two,  which  are  of  Iron,  that  neither 
the  upper  Leather  nor  tile  lower  Leather  (one  whereof  is  turn’d  up- 
wards, and  the  other  downwards)  may  flip  between  the  Forcer  and 
ffie  middle  brafs  Ring ; as  may  be  feen  in  Fig.  3,  which  reprefents  a 
Geometrical  Seftion  of  the  Pump-work,  feen  in  front,  with  the 
Forcer,  Rod,  Screws,  and  Weights;  the  two  lucking  and  forcing 
Valves  ; part  or  the  fucking  Pipe,  and  part  of  the  forcing  or  afcend- 
mg  r ipe  ; the  tmall  Pipe,  which  difcharges  the  Air,  with  its  Cock 
and  \ alve  ; the  leaden  Cup  with  Water  (to  the  height  of  the  pointed 
Line)  to  moiiten  the  Leathers  which  are  reprelented  by  ftronn 
black  Lines.  J 13 

Fr8’.10’P’7,H6  Gt.  (Fid.  Fig.  g.  7 late  25)  is  The  Pump-work, 
confifting  of  the  following  Pieces,  viz.  F7,  8,  the  Forcing-barrel 
wmch  is  bigger  in  its  Bore  at  7,  8 than  in  any  other  part,  to  allow  fuf- 
fiaent  Water-way,  when  the  fucking  Valve  fix’d  at  the  level  of  9 10 
i lies  up  as  the  Forcer  is  rais  d.  This  Barrel  has  acurve  Elbow  H com- 
ing out  of  it  juft  above  the  fucking  Valve,  and  the  Elbow  has  a Flanch 
under  6, to  carry  the  forcing  Valve  which  plays  in  the  fwell  6 of  the 
Piece  6,G  1.  The  fucking  Pipe  which  goes  down  into  the  Well  has 
only  its  Flanch  9,  1 o,  and  a fmall  part  below  it  (mark’d  11)  feen  here  ■ 
And  it  is  upon  this  Flanchp,  10  (the  Flanch  of  the  forcing  Barrel)  that 
the  fucking  Valve  is  fix’d,  which  rifes  when  the  Forcer  is  lifted  up 
and  allows  the  Water  to  rife  which  the  Atmofphere  preifes  up  from 
the  Well  to  fill  the  fpace  left  empty  by  the  Forcer  ; the  forcing 
) alve  under  6 being  Unit  all  this  while  : Then,  as  the  Forcer  comes 
down  again,  it  preffes  a quantity  of  Water  equal  to  its  bulk  thro’ 
the  forcing  Valve  under  6 into  the  Piece  G 1,  the  fucking  Valve  be- 
ing ffiut  at  that  time;  and  fo  on,  till  the  Water  is  driven  up  thro’  the 
Pipes  Gi,  G,  G,  G,  into  the  Trough  I,  I,  which  carries  it  into  the 
Referyoir  K,  K,  K,  K,  K,  K,  IC.  NB.  The  Forcer  is  a hollow  brafs 
Cylinder  fill'd  with  Lead , turn'd  true  and  fimooth  on  the  out  fide 

. L>  The  InJeaion  Cittern,  for  the  Ules  of  the  Engine,  to  be  men- 
tion d hereafter. 

M,  M,  M, M,  The  twoftrong  Timbers  whichfupport  the  Leaver 
by  its  Centre  or  Axis,  and  between  which  the  Leaver  plays. 

x x N,  The 
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N,  The  Chain  that  fupports  the  Pifton,  which  always  hangs  per- 
pendicular, becaufe  its  upper  part  always  applies  it  felf  to  the  Arch 
at  the  end  of  the  Leaver,  whilft  the  free  part  is  a Tangent  to  the 

faid  Arch.  „ . ...  . r , x 

O O i,  O 2,  The  Inje£hng  Pipe,  which  coming  from  the  In- 
setting Ciftern  L at  O 2,  gives  out  a little  Pipe  at  O 1,  to  let  Watei 
run  upon  the  Pifton,  to  keep  it  tight,  by  moiftening  and  cooling  its 
Leather,  and  at  laft  goes  into  the  Cylinder  at  O thro  a Planch,  in 
fuch  manner,  that  an  Adjutage  or  fpouting  Pipe  is  ferew  d on  the  up- 
per part  of  the  end  of  it  which  is  in  the  Cylinder.  The  Ufe  ot  this 
Pipe  is,  to  fpout  cold  Water  into  the  Cylinder,  in  order  to  condenle 
the  Steam,  and  make  a Vacuum  under  the  Pifton,  when  it  has  been 
rais’d  up  to  the  top  of  the  Cylinder,  that  the  Atmofphere  may  prels 

it  down  again  with  force  and  fwiftnefs. 

Pi  P2,  The  Cylinder,  made  of  Brafs,  hollow  within,  and 
bor’d  very  fmooth,  that  the  Pifton  P 1,  mark’d  in  pointed  Lines,  may 
move  up  and  down  in  it  from  P 1 to  P 2,  without  letting  either  Steam 
or  Water  pafs  by.  This  Cylinder  has  a leaden  Cup  folder  d to  the 
top  of  it  under  N,  fo  wide,  that  the  Water  that  lies  at  the  top  ot 
the  Pifton  to  cool  its  Leather  may  not  Hath  over  the  top  ot  the 

Cylinder  in  the  fudden  rifing  of  the  Pifton. 

The  Steam-pipe,  thro’  which  the  Steam  paffes  from  the 

Boyler  into  the  Cylinder.  . . 

1!  R 1,  R,  R,  R 2,  The  Boyler,  made  hemifphencal  at  top, 

and  then  diminifhing  at  right  Angles,  or  with  a Planch,  at  R 1,  R 2, 
and  fo  continuing  almoft  in  a Cylindrick  form  to  the  bottom  , 
which  is  rifing  in  the  middle,  as  appears  by_ the  pointed  Lines. 

S A brafs  Plate  ferew’d  to  the  Boyler  with  four  or  more  Screws,, 
which,  when  taken  off,  opens  a way  into  the  Boyler  in  order  to 
cleanfe  it,  ®c.  On  this  Plate  is  faften’d  a Ihort  Pipe  and  V alve,  S 1 , 
with  a Stillyard  and  Weight  fupported  by  a perpendicular  Piece  S 2, 
in  order  to  know  the  ftrength  of  the  Steam  in  the  Boyler,  and  to 
prevent  its  burning,  if  neglefted.  In  this  Plate  are  fix  d two  Gage- 
Cocks,  £5i,  z 2.  whofe  Pipes  are  of  different  Lengths,  in  order  to 
know  how  high  the  furface  of  the  Water  is  in  the  Boyler ; lor  it  boti 
Cocks,  being  open’d,  give  Steam,  the  Water  is  too  low  ; and  if  both 
give  Water,  or  give  no  Steam,  then  the  Water  is  too  hign  j-  but  ft 
% 1 gives  Steam,  and  * 2 does  not,  then  the  furface  of  the  Water  is 
at  a due  height,  viz.  above  .a  3,  the  bottom  ot  the  longefr  Gage-pipe. 

T,  The  Steam-Cock  or  Regulator,  conhfting  ot  a large  brafs 
Plate  and  a Pipe  reaching  up  t?o  Q,  which  makes  hall  01  the  Steam- 
pipe,  and  is  there  ioider'd  to  the  other  half  that  comes  down  ~iom 
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the  bottom  of  the  Cylinder.  By  means  of  the  Handle  b b,  a little 
Imooth  Plate,  mark’d'16  (Fig.  a.)  under  the  Regulator  Plate/ is 
mov’d  in  fuch  manner,  as  alternately  to  fhut  and  leave  open  the  hole 
of  the  Steam-pipe,  fo  as  to  perform  the  Office  of  a Cock  but  with  a 
great  deal  lei's  Friffion. 

V,  A Cock  to  let  Water  out  of  the  Boyler  upon  occafion. 

W,  A Pipe  to  feed  the  Boyler  with  lukewarm  Water  from'the  Cup 
at  the  top  of  the  Pifton,  thro’ the  Feading-pipe  n which  CToes 
down  into  the  Boyler  within  a few  Inches  of  its  bottom  that  there 
may  always  be  a due  Quantity  of  Water  in  the  laid  Boyler. 

X X,  A wafte  Pipe  to  carry  off  the  fuperfluous  Water  from  the 
Cup  at  the  top  of  the  Pifton. 

_ Y Y Z,  The  Sinking-pipe  to  carry  off  the  Water  which  is  injeacd 
into  the  Cylinder  at  every  ffroke,  whofe  end  Z (mark’d  in  pointed 
Lines)  is  turn’d  upwards  with  a Valve  upon  it,  kept  tight  (when 
fhut)  by  a little  Water  in  the  hot  Well  Z : Bur  every  time  the  Steam 
is  let  into  the  Cylinder,  it  opens  the  Valve  at  Z,  and  difcharges  the 
Water,  as  long  as  the  faid  Pipe  Y Y continues  full,  or  nearly  full  to 
help  the  Steam  by  the  preffure  of  its  Water,  which  is  always  propor- 
tionable to  its  height  in  the  faid  Sinking-pipe. 

a,  a,  a,  a,  a,  a,  The  Chimney  and  Brickwork  about  the  Boyler 
being  here  feen  only  on  the  back-fide;  the  Fire-place,  reprefented  by 
the  pointed  Lines  at  being  on  the  other  fide,  and  the  Flue  carried 
round  the  Boyler,  under  its  Flanch. 

b b,  The  Handle  of  the  Regulator,  mov’d  backward  and  forward 
by  the  Motion  of  the  Slider  b r.  ° 

d i,  The  Tumbling-piece,  commonly  call’d  the  [Y]  from  its 
Figure,  moveable  upon  an  Axis  e e by  means  of  the  Shanks  v h and 
g gj  which  are  thrown  backwards  and  forwards,  by  the  Pins  in  the 
Working-timber,  or  Plug-frame,  one  Pin  a (on  its  outfide)  depref- 
fing  g g in  the  defcent  of  the  Working-timber,  fo  as  to  throw  the 
Head  of  the  [Y]  loaded  with  Lead  to  d i (as  here  in  Fig.  r.  and 
Fig.  2)  whilft  one  of  its  Toes,  at  the  other  end,  ftriking  the  Pin  c d 
fhoots  forward  the  Slider,  and  opens  the  Regulator  : Then  a Pin  or 
Roller  upon  a Pin  b b,  in  a Slit  made  thro’  the  middle  of  the  Work- 
ing-timber, in  the  riling  of  the  faid  Timber,  lifts  up  the  Shank  <7  b 
and  throwing  the  Weight  d 1 towards  the  Cylinder,  cauies  the  other 
Toe  at  the  contrary  end  of  the  [Y]  to  ftrike  the  Pin  c d on  the  in- 
fide,  and  thereby  pulls  back  the  Slider  to  fhut  the  Regulator. 

fij  f 2,  A fmall  Iron  Leaver,  commonly;  call’d  the  [F],  moveable 
upon  its  Axis  which  is  fix’d  in  the  piece  i ; whofe  Office  is  to  open 
and  fhut  the  Injeclion-Cock  m,  by  means  of  two  Toes  »,  o_,  which 

X x 2 
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take  between  them  the  Handle  of  the  faid  Cock  m.  The  Centre  of 
this  Leaver  is  above  its  Toes,  between  / i , / 2 ; and  one  of  its  ends 
f 2 lodges  it  felfin  the  Notch  of  the  Catch  r r,  whofe  Foot  is  fix’d 
upon  the  Axis  r of  the  hid  Leaver.  When  the  Working-timber  af~ 
cends,  a Tooth,  which  is  fix’d  on  the  fide  of  it  that  looks  towards, 
the  Cylinder,  exprefs’d  here  in  pointed  Lines,  raifes  up  the  outmoft 
end  of  another  Catch  mark’d  q,  (one  part  of  which  is  hid  by  the 
Working-timber/ pj  and  confequently  draws  down  the  farther  end, 
which  takes  along  with  it  the  neareft  end  of  the  Catch  r 1,  which  is 
upon  the  fame  Line,  and  clofe  to  the  other,  whilft  the  end  p of  the 
faid  Catch  r 1 rites  towards  sj  and  thereby  lets  fall  out  of  the  Notch 
the  end  / 2 of  the  Leaver,  which,  being  pull’d  down  by  the  Weight 
f 3 fix’d  to  it,  caufes  one  of  the  Toes,  mark’d  ?/,  to  pufh  towards 
the  Working-timber  the  Handle  of  the  Cock  which  thereby  gives 
the  Inje&ion  ; Then,  as  the  Working-timber  defcends,  by  a Pin  on 
its  further  fide  it  pufhes  down  the  Curve-end  or  longed:  Shank  of  the 
[F]  viz.  f 1 ; and  raifes  up  the  other  end  of  it,  fo  as  to  lodge  it  in 
the  Notch  of  the  Catch  r 1;  the  other  Toe,  mark’d  0,  pufhing  the 
Handle  forward  at  the  fame  time,  and  thereby  {hutting  the  Inje&ion 
immediately  before  the  opening  of  the  Regulator : as  the  Injection 
afterwards  muft  be  open’d  juft  after  the  Hunting  of  the  faid  Regula- 
tor. From  the  Beams  which  fupport  the  Cylinder  there  come  gene- 
rally two  defending  Pieces,  to  carry  the  Machinery  that  turns  the 
Regulator  and  InjeQiion-Cock,  commonly  call’d  the  [F]  and  [Y],  at 
a due  diftance  from  the  Working-timber;  but  here,  for  want  of 
room,  two  Iron  Bars  are  us’d,  one  of  which  is  mark’d  1 3,  i 4,  join’d' 
at  bottom  by  a crofs  Bar,  and  with  Side-pieces  / i 1,  i 2,  to  carry 
the  Axes  of  the  [F]  and  [Y] : The  other  defending  Iron  Bar  can't 
be  feen  in  this  Draught,  as  being  hid  by  the  Working- timber, 
NB.  For  the  better  underfanding  of  the  Motion  of  the  Machine , the 
Regulator  and  lnjeCtion-Cock,  with  the  other  Tarts  belonging  to 
them , are  drawn  in  large  in  the  fame  point  of  Sight  j and  are  mark'd 
with  the  fame  Letters  in  Fig.  2. 

k k,  The  two  ends  of  a Strap  of  Leather  faften’d  to  the  top  of  the 
[Y]  at  d 1,  to  keep  it  from  falling  too  far  either  way. 

/ The  fnifting  Valve,  to  let  out  the  Air  that  extricates  it  felf 
from  the  injected  Water  at  every  ftroke,  and  which  would  hinder  the 
due  Operation  of  the  Engine,  if  it  was  not  driven  out  at  this  Valve. 

Oj  A Cup  and  Valve  to  receive  fome  of  the  injefted  Water,  which 
is  much  hotter  than  the  Water  above  the  Pifton  : From  this  Cup  hot 
.Water  is  convey’d  into  the  Feeding-pipe  n n3  by  the.  Cock  0 1. 
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P>f  }■>  Pit'1,  The  Working-timber,  hanging  by  a Chain  which 
applies  it  felf  to  the  Arch  D,  and  moving  up  and  down  perpendicu- 
larly thro  the  holes  p 1,  p 2,  made  to  keep  it  fteddy  in  its  motion. 
Tins  Timber  has  a Slit  in  the  middle  from  / 1 down  below/,  in  or- 
der to  receive  the  Shank  g h,  and  to  throw  it  back  again  by  a Pin 
b bj  or  Roller  on  the  Pin,  in  the  faid  Slit.  There  are  alio  Holes  on 
the  right  and  left  fide  of  this  Timber  to  put  in  Pins,  as  a_,  and  dj  al- 
ternately to  deprefs  the  Handle  g g on  the  one  fide,  and  the  long 
Shank  of  the  [F]  on  the  other  fide,  according  as  the  motion  of  the 
Engine  requires. 

_ q*  q*  Two  ftrong  horizontal  Timbers  that  fupport  the  Cy- 
linder by  means  of  a Flanch  on  the  middle  of  the  Cylinder,  and  Bolts 
and  Screws  thro’  the  faid  Beams. 

r 1,  r 2,  A crofs  horizontal  Timber,  broken  off  in  the  Figure,  to 
fhew  the  Cylinder  and  Pipes,  &c. 

Sj  Sj  s j Sj  Braces  alfo  broken  off. 

t_,  tj  A Seat  and  Platform  to  go  from  the  Working-piece  to  the 
Pump. 

Uj  One  of  the  upright  Timbers  that  fupport  the  Spring-frame 
and  Pipes  join’d  to  the  horizontal  Piece  at  M,  the  other  Timber  be- 
ing behind. 

u 1,  The  brafs  Guide  for  the  Rod  of  the  Forcer,  which  is  here  al- 
moft  hid  by  the  afcending  Pipes. 

■zu j w_,  'Wj  Wj  vjj  The  Joylls  of  the  Floor,  which  is  even  with  the 
middle  of  the  Cylinder. 

Xj  x 1 A Cup  of  Lead,  which  keeps  mold  the  Jack-head  or  Col- 
lar of  Leathers.  NB.  At  jirji  working,  the  Air  is  let  out  of  the. 
jack-head  by  loofening  fome  of  its  Screws , or  by  a little  Cock  and 
Valve  at  x 1 . 

yJ  A crofs  Piece,  which  holds  the  Brafs  Guide  above-mention’d 
at  u 1. 

a;,  A Pipe  to  fupply  the  Inje&ion-Cidern  L with  Water  from  the 
Relervoir  K. 

Thus  far  of  the  Defcription  of  the  Engine  to  raife  Water  by  Fire,, 
as  improv’d  by  Mr.  Newcomen . 

What  I have  to  add  in  this  Place  is,  that  as  the  bed  and  mod  ufe- 
ful  Inventions  and  Improvements  which  have  been  difcover’d  ei- 
ther in  Art  or  Nature,  have  in  Procefs  of  Time  been  liable  to’ 
Improvements  fo  this  of  the  Fire-Engine  has  been  fubjeft  to  the 
fame : For  this  ingenious  Gentleman,  to  whom  we  owe  this  late. 
Invention,  has  with  a great  deal  of  Modedy,  but  as  much  Judgr 
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ment,  given  the  finishing  Stroke  to  it.  It  is  indeed  generally  laid  to 
bean  Improvement  to  Mr.  Savory's  Engine;  but  I am  well  in- 
form’d, that  Mr.  Newcomen  was  as  early  in  his  Invention,  as  Mr. 
Savery  was  in  his,  only  the  latter  being  nearer  the  Court,  had 
obtain’d  his  Patent  before  the  other  knew  it ; on  which  Account 
Mr.  Newcomen  was  glad  to  come  in  as  a Partner  to  it.  To  which 
I fhall  add,  that  the  Gravity  of  the  Atmofphere  on  the  Cylinder, 
mark’d  P x.  P 2.  is  computed  to  be  equal  to  1400  Weight,  which 
neverthelefs  will  not  flop  the  working  of  the  Engine,  if  the  Stoker 
takes  Care  to  keep  his  Fire  in,  and  that  this  Engine  is  by  no  Means 
in  fo  much  Danger  of  being  blown  up,  or  broke  to  Pieces,  as  Mr. 
Savery1  s is,  by  reafon  of  the  great  Regulator,  mark’d  A 1.  A 2, 
and  of  the  other,  Work  at/  i.f  2 ,&c.  which  bridle  the  whole 
Motion  of  the  Engine.  And  the  utmoft  Damage  that  can  come  to 
It,  is  its  Handing  Hill  for  want  of  Fire.  What  is  very  remarkable 
(befides  other  Things  which  might  be  mention’d)  is  the  wonderful 
Effects  there  is  between  the  two  oppofite  Principles  of  Expanfion 
and  Condenfion,  and  how  fully  the  Atmofphere  performs  its 
Office  on  this  Occafion. 

The  Fall  of  the  two  Piftons,  or  Brafs  Barrels,  which  are  joyn’d 
to  the  other  End  of  the  Leaver,  mark’d  a 3.  a 4.  is  alfo  very  curi- 
ous ; becaufe  that  by  Means  of  the  Chain  fix’d  at  the  End  going 
down  to  N the  Force  is  exa&ly  perpendicular,  and  the  whole  not 
liable  to  that  Friflion,  which  is  almoft  unavoidable  in  all  other 
Leaver  Work. 

The  two  Mains  which  lead  from  the  a Barrels,  or  forcers  from 
the  Bottom  to  the  Top  of  the  wooden  Turret,  are  each  of  them 
about  12  or  14  Inches  Diameter,  and  deliver  about  150  Tuns  in 
an  Hour,  which  is y 600  Tuns,  or  14400  Hogfheads  in  a Day. 

To  conclude  this  Account  of  Engines,  I obferve,  that  there  are 
5 of  thofe  Machines  of  London  Bridge , one  whereof  is  deferib’d 
OPlate  21.  Page  320. to  everyone  of  which  is  fix’d  4 main  Pipes, 
two  at  one  End,  and  two  at  another,  in  all  20,  of  7 Inches  Bore 
each  ; the  Workmen  there  have  not,  as  I can  find  as  yet,  calculated, 
(at  leaf!:  it  is  out  of  Mind)  v/hat  Quantity  of  Water,  all  thofe 
Machines  will  throw  up  in  an  Hour,  tho’  if  the  Pipes  are  kept 
perpetually  full,  as  an  Engine  with  4 Cranks  certainly  will,  accor- 
ding to  Marriotte , in  10  Mains,  of  49  circular  Inches  each,  making 
in  all  980  circular  Inches ; thofe  Machines  can’t  give  lefsthan  1715 
Hogfheads  in  an  Hour,  and  confequently  45160  Hogfheads  in  a 
Day,  equal,  if  not  exceeding  what  the  fo  much  fam’d  one  of  Marli 
does,  and  that  without  any  great  need  of  Repairs. 
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One  Thing  obfervable  in  the  Wheels  of  thofe  Machines  is,  that 
they  turn  as  the  Tide  does ; thofe  which  are  plac’d  near  the  Middle, 
are  either  elevated  or  deprefs’d  by  a little  Wheel  on  the  Back  Part  of 
the  Work,  called  a lifting  Wheel,  as  the  Tide  either  rifes  or  falls, 
whilft  thofe  which  are  plac’d  near  the  outfide,  are  kept  to  a conftant 
Gauge,  which  is  all  I fhall  add  in  this  Place  as  to  thefe  Machines. 


CHAP  XXX 

Of  federal  Machines  for  the  playing  of  MuficL 

Have  already,  in  my  Introduction  to  this  Book  of  Hy- 
draulicks, noted,  that  it  has  had  its  real  Denomination 
(though  now  it  is  generally  applied  to  all  Water  Engines) 
from  u<f' ap  Ayua  Water,  and'  auAci?  Ttbiu  vel  Tibicen  a 
Pipe,  from  the  Ules  which  the  Ancients  put  the  Antlia 
or  Pump  to  in  blowing  their  Organs  ; and  of  this  Kind 
there  are  Inventions  of  a late  Date  (as  whoever  reads  de  Cans J and 
other  Authors,  will  find)  by  which  Organs,  and  other  Inftruments 
of  Mufiek  are  play’d  : And  tho’  this  Chapter  may  not  be  of  the  great- 
eft  Ufe,  yet  there  is  a Diverfion  in  it,  that  may  not  be  unacceptable- 
to  the  curious  Reader. 

To  begin  then  with  the  learned  Grave fandc, the  undulatory  Mo- 
tion in  the  Air  produces  Sound  : For  (fpeaking  of  Senfation)  fo 
ftriCt  is  the  Union  of  the  Body  and  the  Mind,  (fays  he)  that  fomc 
Motions  in  the  Body  do  as  it  were  cohere  with  certain  Ideas  in  the 
Mind,  and  they  can’t  be  feparated  from  each  other.  From  the- 
Motion  of  the  Body  are  new  Ideas  every  Moment  excited  in  the 
Mind;  and  fuch  are  the  Ideas  of  all  fenftble  ObjeCts;  yet  we  can 
find  nothing  common  between  the  Motion  in  the  Body,  and  the 
Idea  in  the  Mind.  We  cannot  perceive  what  Connection  is  here, 
nor  that  any  Connection  is  polftble  : There  are  (according  to  the 
great  Sir  Ifaac  Newton , whofe  Foorfteps  this  learned  Aurhor  fol- 
lows) an  infinite  Number  of  Things  hidden  from  us>  of  which  wer 
have  not  lo  much  as  an  Idea,. 
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The  undulatory  Motion  of  the  Air  agitates  the  Tympanum  or 
Drum  of  the  Ear,  by  which  Means  a Motion  is  communicated  to 
the  Air  contain’d  in  that  Organ,  which  being  conveyed  to  the  audi- 
tory Nerve,  excites  in  the  Mind  the  Idea  of  Sound. 

N o w,  to  explain  a little  thofe  Laws  of  Motion,  that  produce 
Sound,  let  Particles  of  Air  be  fuppofed  to  be  plac’d  at  equal  Dif- 
tances,  and  to  be  in  a right  Line,  <?_,  r,  d,  &c.  and  f.  Fig.  r . 
Tlate  2 6.  Tage  352  ; let  the  Wave  be  fuppos’d  to  move  along  that 
Line,  as  far  as  between  h and  as  it  is  reprefented  in  Line  1 . 

The  greateft  Denfity  is  at  m1  which  is  the  Middle  between  h and 
p,  and  the  greateft  Dilatation  between  (b  and  IS)  is  in  the  Middle 
( e ).  Wherever  the  neighbouring  Particles  are  not  equally  diftant, 
the  Motion  arifing  from  Elafticity  caufes  the  lefs  diftant  Particles  to 
move  towards  thofe  that  are  moft  diftant,  between  (JS)  and  (?) ; 
there  is  a Motion  from  (£)  towards  e that  is  confpiring  with  the 
Motion  of  the  Waves  ; there  is  alio  fuch  a Motion  between  n and 
p \ but  there  is  a contrary  Motion  between  e and  7#,  and  it  is  di- 
rected from  m towards  e.  At  vt  and  <?,  where  the  Directions  of 
Motions  are  chang’d,  no  ACtion  arifes  from  the  Elafticity,  becaufe 
the  neighbouring  Parts  are  plac’d  at  equal  Diftances  amongft  them- 
felves.  In  the  Places  l and  />,  the  Difference  of  the  Neighbour- 
ing Parts  is  the  greateft  of  all ; and  therefore  there  is  the  greateft 
ACtion  of  the  Elafticity. 

But  for  this  Motion  or  Progreflion  of  Sound,  I refer  my  Reader 
to  Book  the  2d,  Chap.  17.  or  Grave fande's  Mathematical  Ele- 
ments of  Natural  Pbilofophy,  where  it  is  treated  of  in  a very  exaCt 
Manner,  having  made  ufe  of  the  Figures  in  that  Treatife  fet  down, 
for  the  Embellishment  of  this  Work- 

And  to  proceed,  the  Structure  of  the  Ear,  both  internal  and 
external,  is  wonderful,  but  that  the  Air  is  the  Vehicle  of  Sound  is 
proved  by  the  following  Experiment. 

Take  the  leaden  Plate  O,  Vid.Fig  2.  Tlate  2 6.  Tage  352,  which 
has  two  Cylinderical  Pillars  of  tlfe  fame  Metal  C C fix’d  to  it ; joyn 
a little  Bell  A to  the  Brafs  Wire  B D,  and  let  it  be  tied  with  Strings 
to  the  Pillars  CC;  lay  the  Plate  O upon  the  Brafs  Plate  of  the  Air- 
Pump,  putting  between  a little  Cuihion  of  Cotton,  or  raw  Silk, 
fet  a Receiver  on  over  all  this  Apparatus.  Cover  the  Receiver 
with  a Plate  that  has  a Collar  of  Leathers  ferew’d  to  it,  thro’ 
which  the  Brafs  Wire  D E can  flip  up  and  down  ; to  the  Brafs 
Wire  you  mull  fallen  the  Plate  e /;  fo  that  by  twining  of  the  Wire 
round,  the  Bell  A may  be  agitated.  Pump  out  the  Air  from  the 
Receiver,  and  fihaking  the  Bell  in  the  Manner  before  deferibed,  you 
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will  not  hear  the  Sound.  By  turning  the  Wire  D E,  the  Bell 
will  move  forwards  and  backwards  feveral  Times;  but  we  are  only 
to  obferve  that  Motion  in  which  the  Plate  e f doth  not  touch 
the  Wire  b d.  Letting  in  the  Air,  the  Sound  will  be  heard  as 
before. 

And  from  this  it  is  deducible,  that  Air  is  the  Vehicle  of  Sound, 
and  that  in  Sound  there  is  an  undulatory  Motion  of  the  Air,  and 
that  it  arifes  from  the  tremulous  Motion  of  Bodies.  That'  this  ob- 
tains in  Cords  or  Strings  of  mufical  Inftruments,  no  body  doubts, 
fince  by  giving  them  a tremulous  Agitation  they  produce  a Sound  ; 
m great  Bells,  and  other  Bodies  this  tremulous  Motion  is  very  fenfi- 
ble,  and  in  all  other  Bodies  according  to  their  Proportion. 

I t appears  alio,  that  the  Intenfity  of  Sound  is  as  the  Weight  by 
which  the  Air  is  comprefs’d  ; that  is,  this  Intenfity  increafes  and  de- 
creases as  the  Pillar  of  Mercury,  which  is  in  Equilibria  with  the 
Weight  of  the  Atmofphere,  for  which  fee  Fig.  3.  Elate  2 6.  Eage  3 50: 
where  if  you  fhake  the  Bell  A in  comprefs'd  Air  exaaiy  in  the  Manner 
as  it  was  fhak'd  in  -vacuo,  the  Sound  will  be  encreas’d  ; which  will 
again  be  diminifh’d,  if  opening  the  Bell,  you  let  the  Air  return  to 
its  firft  State.  Forafurther  Demonftration  of  what  we  are  upon;  and 
that  Air  is  the  certain  Vehicle  of  Sound,  which  is  lefs  or  more  In- 
tenfe  according  to  the  Warmth  or  Coldnefs  of  the  Weather,  i.  e.  lefs 
in  Winter  than  in  Summer  ; let  Fig.  5.  Elate  the  2 6th.  pradiff. 
be  a Glafs  wherein  a Bell  is  hung  as  A,  and  opening  the  Cock 
that  the  Air  in  the  Glafs  may  have  Communication  with  the 
external  Air,  let  the  Glafs  be  fliaked,  and  the  Diftance  be  determin’d 
when  the  Sound  can  be  heard  ; warm  the  Glafs  and  repeat  the  Expe- 
riment, and  the  Sound  will  be  heard  at  a greater  Diftance. 

If  was  agreeable  to  this,  that  the  Ancients  had  feveral  Inftruments 
ofMufick  which  founded  when  the  Sunfhined  upon  them  ; and  Cor- 
nelius Tacitus  in  his  Hiftory  maketh  mention  of  fuch  a one  in  Egypt, 
and  Eaufanius  is  faid  to  have  feen  the  Figure.  The  Sound  whereof 
was  tike  the  Strings  of  a Harp  when  they  break. 

Tie  Cans,  from  whom  this  Invention  is  taken  in  Elate  yth  and  1 cth 
of  his  forcible  Movements  by  Water,  teaches  the  raifing  of  Water 
in  a VefTel  of  Copper  or  Lead  (by  the  Heat  of  the  Sun)  by  means 
of  the  Valve  at  A.  vid.  Elate  27.  E.  550.  Now  when  the  Water  fball 
be  in  F,it  fhallbe  tranfported  into  C by  the  Siphon  B,  which  cafting 
its  Water  into  C,  fhall  make  the  Air  breathe  forth  of  it,  and  ani- 
mate the  two  Organ-Pipes,  which  with  the  Engine  may  be  put 
into  the  Figure  or  Pedeftal ; or  otherwife,  if  the  Engine  be  put 
at  a Diftance,  you  muft  ufe  Conveyances  for  the  Wind,  and  fo 
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low,  fliall  have  no  Air  but  by  the  Mouth  ; by  which  the  Sound  of 
the  Organ  Pipes  fliall  come  forth. 

N o w it  is  plain,  that  the  Rarefa&ion  of  the  Air,  by  the  heating 
the  Organ-Pipes  by  the  Sun,  as  was  before-mention’d  ; and  the  Me- 
thods by  which  this  is  effected  will  more  plainly  appear  by  Fig.  2. 
Tlate  iqth,  prcsditf.  of  which  take  the  following  Account. 

You  muft  have  four  Veffels  of  Copper  well  foldered  round  about ; 
each  of  which  fliall  be  about  a Foot  fquare  and  8 or  9 Inches  high, 
the  Veffels  are  mark’d  with  ABC  and  D,  and  there  muft  be  alio  a 
Pipe  mark’d  with  E put  upon  the  laid  Veffels,  to  which  Pipe  there 
fhall  be  foldered  four  Branches,  each  Branch  being  mark’d  with  the 
Letter  F,  the  faid  Branches  fhall  be  loldered  to  the  Top  of  the  Veffels, 
palling  almoft  to  the  Bottom  of  each : Then  there  muft  be  foldered  a 
Sucker  mark’d  with  G to  the  middle  of  the  Pipe,  made  and  plac’d 
fo,  that  when  the  Water  fprings  out  of  the  Veffel,  it  may  open,  and 
being  gone  forth,  it  may  fliuc  again. 

T ji  e r.  h muft  be  alfo  another  Pipe  at  the  Bottom  of  the  faid  Vef- 


muft  be  foldered  againft  the  Bottoms  of  the  faid  Veffels,  and  alfo  a 
Sucker  mark’d  H,  to  the  end  of  which  there- is  a Pipe  which  defcends  . 
to  the  Bottom  of  the  Water,  the  which  fliall  be  in  a Ciftern  or  Vef- 
fel mark’d  with  I : There  fhall  be  alfo  to  one  of  the  Veffels  a Hole 


a third  Part  of  their  Content  in  Water ; and  the  Air  which  was  in  the 
Place  of  the  laid  Veffels  fliall  pafs  out  by  the  Paffages  3,  4,  5,  6" ; af- 
terwards you  muft  ftop  thole  Paffages  very  clofe,  fo  as  the  Air  may 
not  come  out  of  the  faid  Veffels ; and  then  the  Sun  fhining  upon  the 
faid  Engine  fliall  make  an  Expreffion,  becaufe  the  Fleat  which  caufeth 
the  Water  to  rife  from  all  the  Veffels  to  the  Pipe  E,  and  pafs  forth 


then  the  Sucker  G fhall  return  ; and  after  the  Heat  of  the  Day  is  pafs’d, 
and  the  Night  fliall  come,  the  Veffels  fliall  draw  the  Water  of  the 
Ciftern  by  the  Pipe  and  Sucker  H P,  and  fliall  fill  the  Veffels  as  be- 
fore ; fo  as  the  Motion  fliall  continue  fo  long  as  there  is  Water  in  the 
Ciftern,  and  that  the  Sun  fhines  upon  the  Veffels  : And  you  muft 
ohferve,  that  the  two  Suckers  G and  H muft  be  made  very  light; 
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and  Iikewife  very  juft,  fo  as  the  Water  may  not  defcend  by  them  when 
it  is  rais’d. 

The  manner,  by  which  the  Hydraulick  or  Engine  before  men- 
tion’d, and  its  Effects,  being  thus  explain’d,  let  us  proceed  to  a cu- 
rious Invention  of  Hero  Alexandras,  which  reprefents  divers 
Birds,  which  (hall  fing  diverfely  when  an  Owl  turns  towards  them  ; 
and  when  the  faid  Owl  turns  back  again,  they  fhall  ceafe  their  Singing. 
Vid.  ‘Plate  28.  pag.  35. 

Let  there  be  a Water-Wheel  as  A,  which  fhall  turn  in  a 
Cafe  of  Lead  or  Copper  mark’d  with  C,  which  Cafe  fhall  feem 
to  keep  the  Water  from  fcattering  abroad  and  fpoiling  the  Motion, 
and  the  Axle-tree  of  the  faid  Wheel  fhall  reft  upon  two  round  Holes, 
which  fhall  be  on  the  Sides  of  the  faid  Cafe,  and  at  the  one  End  of 
the  faid  Axle-tree  which  cometh  thro’  the  faid  Cafe  : There  fhall  be  a 
Pinion  of  eight  Teeth  mark’d  with  D,  which  fhall  turn  a Barrel  of 
12  or  1 5 Inches  ; alfo  there  muft  be  three  Conveyances  for  the  Wind 
mark’d  with  E F G,  to  which  there  are  foldered  3 Cocks,  whereof 
the  Keys  are  made  as  M O,  to  the  end  that  when  the  Barrel  turns 
the  Pins  Q_and  R,  they  may  make  the  faid  Conveyances  open  to  let 
the  Air  into  divers  Whiftles,  the  which  fhall  make  feveral  different 
Tunes,  according  to  the  Fabrick  of  thofe  Whiftles,  and  the  Difpofi- 
tion  of  the  Pins  and  touches  Q^and  R.  And  moreover,  you  may 
give  a certain  Motion  to  the  Tails  and  Beaks  of  the  Birds  ; if  you 
put  certain  Strings  to  the  Keys  of  the  Cocks,  as  the  Figure  declares. 

A s concerning  the  Motion  of  the  Owl,  which  turns  forwards  and 
backwards  in  a certain  fpace  of  Time,  it  may  be  feen  by  the  turning 
the  Veffel  X,  and  the  Leaver  3 and  4,  where  is  the  Counterpoife  8°; 
for  this  Veffel  defeends  when  full,  and  makes  the  Counterpoile  to' rife, 
and  the  Pin  of  the  Leaver  flops  the  Barrel,  by  the  Means  of  the 
Pin  marked  6 , which  is  at  the  End  thereof ; and  fo  the  Birds  ceafe 
their  finging  : Then  when  the  Owl  fhall  be  towards  them  ; and 
when  the  Veffel  X is  void,  fhe  fhall  turn  again  by  the  Means  of 
the  Counterpoife,  and  the  Barrel  fhall  begin  to  turn,  as  is  demon- 
ftrable  by  the  Figure. 

A pretty  Conceit  of  this  Kind,  where  a Bird  is  taught  to  whiffle, 
by  the  Faff  of  Water,  is  in  an  ancient  Grotto  at  Ainjlone , near  the 
late  Duke  of  Shrewsbury's  in  Oxfordjbire , an  Account  of  which 
you  have  in  Dr.  T loft's  Natural  Hiftory  of  that  County,  which  was 
made  to  warble  out  its  Sound  by  the  Cadence  of  the  Water ; and 
innumerable  other  Inventions  of  that  Kind  might  be  contriv’d, 
too  long  for  me  to  infert  in  tfhis  Place. 
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The  two  la  ft  Machines  I fhall  exhibit,  are  thofe  by  which  you 
may  make  a pair  of  Organs  found  by  the  Means  of  Water,  and  the 
other  one,  whereby  Organs,  or  any  other  Trumpet-like  Inftru- 
ment  or  Inftruments  fhall  found,  when  the  Sun  fhall  be  rifing  to- 
wards its  Meridian,  without  any  other  Principle  of  Motion  ^but 
the  Heat  of  the  Sun  and  the  Water. 

The  MuGcal  Wheel  mark’d  A (Plate  29.  Page  350)  may  be 
oi  5 or  6 Foot  Diameter,  which  fhall  be  turn’d  by  a Pinion  of 
eight  Teeth,  to  the  Axle-tree  whereof  there  fhall  be  fitted  a Wheel  • 
of  twenty  four  Teeth,  which  fhall.  be  turn’d  upon  a Pinionr 
on  whofe.  Axle-tree  the  Water-Wheel  C is  fatten’d;  the  Keys  are 
mark’d  with  D,and  the  Place  where  the  Pipes  arife  with  E,  and  the 
Summer  with  F,  the  three  Regifters  mark’d  G H I,  are  different 
the  one  from  the  other.  And  to  the  intent  that  the  Noife  of  the 
Motion  may  not  be  heard  when  the  Pipes  play,  it  is  good  that 
there  be  a Wall  of  a Foot  thick  between  the  Regifters  and  the  faid 
Motion  ; the  Conveyances  of  the  Wind  are  of  Copper,  which 
coming  from  the  Summer  to  the  Regifters,  pafs  through  the  faid 
Walls. 

The  other  Machine,  {vid.  Plate  30.  Page  350)  is  a Veffel  of 
Copper,  or  Lead  mark’d  A,  very  clofe  and  fblder’d  on  every  Side, 
and  let  it  have  a Siphon  mark’d  with  C,  which  may  be  fo  made,, 
that  the  End  which  is  in  the  Veffel  be  near  the  Bottom,  and  that 
the  Height  of  the  faid  Pipe  or  Siphon  be  near  the  Height  of  the  faid 
Veffel,  then  the  other  End  fhall  come  forth  of  the  faid  Veffel,  to 
run  into  the  Veffel  D. 

And  to  order  it  fo,  that  the  Sun  may  not  heat  the  Veffel  A,  till 
fome  determin'd  Time  about  Mid-day,  as  you  fhall  defire,  let  there 
be  a Tablet  made  to  the  faid  Veffel,  of  ftrong  Lead  or  Copper, 
mark’d  with  B (as  if  it  were  a Cover  of  the  faid  Veffel  half  lifted 
up)  but  well  folder’d  thereto,  and  let  the  Veffel  be  well  environed 
with  a fmall  Wall  of  Brick,  fo  as  there  may  be  only  the  Side  before 
open  to  the  Sun,  which  Side  fhould  be  exa&ly  plac’d  towards  the 
South. 

It  is  certain,  this  being  well  done,  that  the  Sun  fhall  not  fhine 
againft  the  faid  Veffel,  but  at  Noon,  or  fuch  other  determinate 
Time  then  abouts,  as  you  fhall  defire  ; and  then  the  Rays  fhine 
againft  the  Angle,  which  the  Top  of  the  Veffel  makes  with  the 
faRe  B,  and  by  that  Means  heats  the  Top  of  the  faid  Veffel,  and 
which  fhall  make  a Compreffion  in  the  Veffel,  fo  as  that  the  Water 
than  run. forth  by  the  Pipe  C ; let  there  be  alfo  a great  Veffel  mark’d 
wuh  F,  into  which  the  Water  of  the  Spring  or  Pipe  of  Conduit, 
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which  is  to  make  the  Motion,  runs  continually,  and  at  the  Bottom 
of  the  laid  VelTel  there  is  a Valve  mark’d  with  G,  at  the  lower  End 
whereof,  there  is  a Pipe  with  a Cock  mark’d  with  H,  which  ferves 
to  temper  the  Courfe  of  Water  which  falls  upon  the  Water  Wheel 
which  is  below. 

S o when  the  Sun  fhall  be  any  where  near,  or  at  the  Meridian  or 
Place,  towards  which  you  place  the  Box,  his  Rays  fhall  fhine 
againft  the  Veffel  A,  which  fhall  caufe  a Compreffion  of  the  Water 
••which  is  within,  which  fhall  run  forth  by  the  Pipe  C,  into  the  Vef- 
fel  D,  which  being  half  fhut,  fhall  defcend  and  open  the  Valve  G, 
which  being  open,  the  Water  of  the  Veflel  F fhall  run  upon  the 
Water  Wheel,  and  make  the  Mufick  Barrel  turn,  as  hath  been  be- 
fore fhewn  ; and  the  Pins  that  are  put  upon  the  faid  Barrel,  fhait 
touch  the  KeysM,  which  being  put  down,  fhall  open  the  Valves 
which  are  under  the  Summer  X ; and  the  Wind  that  fhall  be  in  the 
faid  Summer,  fhall  make  the  Pipes  of  the  Organs  or  Trumpets  found, 
which  are  above  the  Summer.  Now  Wind  may  be  given  to  the  faid 
Summer,  after  two  feveral  Manners ; that  is-to  fay,  by  a Referve, 
which  is  fill’d  with  the  Water  which  falls  upon  the  Water  Wheel,  or 
by  Bellows,  which  are  raifed  by  another  Water-Wheel,  which  fhall 
move  when  the  Veflel  Ddefcends,  and  fhall  open  alfo  a Valve,  as  that 
which  is  mark’d  with  G:  But  becaufe  the  Mufick  Inftrument  muff 
flop  juft  at  the  Point  where  it  began  (when  the  Mufick  Barrel 
hath  made  one  Turn)  to  the  end,  that  when  it  begins  to  found 
another  Tune,  the  Mufick  may  be  of  a juft  Meafure. 

Now,  to  make  it  flop,  you  fhall  make  a fmall  Veffel  of  Copper 
mark’d  with  E,  which  fhall  have  a fmall  Hole  at  Bottom,  and  fhall 
be  fo  placed,  that  the  Cord  which  holds  it  fhall  be  faftened  to  a Ring 
near  the  Valve  G,  and  the  Water  which  fhall  fill  the  laid  Veflel, 
fhall  be  conveyed  by  the  Pipe  mark’d  with  L ; fo  as  when  the 
Valve  G is  opened,  forthwith  the  Water  fhall  run  into  the  faid  Vef- 
lel; and  when  the  Water  of  the  Veflel  F fhall  be  a little  abated,' 
then  it  fhall  run  no  more  into  the  Veflel  E,  which  fhall  always 
empty  the  Water  which  is  in  it  by  the  fmall  Hole  at  the  Bottom ; 
and  the  Time  that  the  faid  Veflel  E empties,  muff  be  fitted  to  the 
Time  which  the  Wheel  requires  to  make  one  Turn;  and  the  faid 
Veflel  being  empty,  the  Valve  G fhall  fall  down  again,  becaufe  it 
ought  to  be  made  in  a manner  heavier  than  the  two  Veffels  C and 
D when  they  are  empty:  And  on  the  contrary,  when  one  of  the 
faid  Veflels  is  full,  that  they  may  be  heavier  than  the  faid  Valve  ; 
And  as  concerning  the  Veffel  D,  it  is  neceffary  that  it  empties  ra** 
ther  than  E ; becaufe  it  need  not  keep  fo  exa£t  a Meafure  as  E, 
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And  here  may  be  feen  likewife  how  it  empties  when  it  is  half 
fUU  of  the  Water  which  defends  by  the  Pipe  C,  then  it  draws 
down  ltfelr,  and  that  mark’d  with  E alfo;  becaufe  it  is  hea- 
vier than  G at  the  fame  Inftant  that  G opens,  and  the  Water  de- 
fends upon  the  Wheel,  and  into  the  two  VefTeis;  and  when  D is 
full,  then  the  VefTel  turns  the  Top  downwards  and  empties  • and  in 
the  fame  Time  the  Water  of  the  VefTel  F abates,  and  is  lower  than 
the  Height  of  the  Pipe  at  D,  the  Water  fhall  run  in  no  more,  but 
the  End  of  the  Pipe  L muff  be  fomething  lower  than  that  of  D,  to  ° 
the  end  that  the  Water  may  there  run  longer  : It  now  remains  to 
ihew  how  the  Pipe  A is  till’d  again  with  Water. 

. .J^E£EFORE  let  there  be  a PiPe  Puc  with  a fmall  Valve  under  the 
laid  VefTel  ; and  after  that  the  Heat  of  the  Sun  has  made  the  Com- 
preffion,  and  that  one  Part  of  the  Water  of  the  faid  VefTel  final]  be 
run  out  after  the  Sun  has  palTed  the  faid  VefTel,  to  fill  again  by  the 
Valve,  as  has  been  before  taught. 

What  I have  to  add  more  to  this  Chapter,  is  to  acquaint  my 
Reader,  that  what  I have  laid  down  before,  is  taken  either 
verbatim  from  He  Cans,  and  other  curious  Authors,  who  have 
wrote  on  this  Subject,  and  to  introduce  a Defign,  which  I am 
told  is  in  great  Efteem  in  Italy , I mean  the  Organ,  which  is  play’d 
by  a Water  Fall  from  the  Top  of  a high  Rock,  (Vi d.  Plate 
59.  or  60.  Page  352)  which  is,  I think,  in  the  Gardens  of  the 
Family  of  Ejte  at  Ttvoh leaving  this  fo  curious  a Piece  of  Hy- 
drau licks  to  the  further  Improvement  of  the  Gentlemen  whole 
Genius’s  lead  them  to  the  Seraphick  Entertainments  of  Mufick  • in 
which  I muff  own  my  felf  not  well  acquainted. 


The  End  of  the  Third  BOOK. 
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III.  Pumps  which  may  be  work’d  by  fion  requires)  does  the  Office  of  another  En- 
°ne  Man,  for  railing  Water  out  of  any  gine  to  raife  WaOi  and  Worts  confiderabh 
Well,  upwards  of  r 20  Feet  deep,  fuffi-  higher  ; both  Engines  are  performed  with 
cient  for  the  Service  of  any  private  Houle  Eafe  by  one  Horfe. 

or  Family,  and  To  contrived  that  by  turn-  Alfo  another  made  for  Efquire  Savill,  near 
mg  a Cock,  may  fupply  a Cittern  at  the  Sir  John  Eyles  at  Rumford,  worked  by 
Top  of  the  Houfe,  or  a bathing  Veflel  in  two  Men , that  raifes  Water  in  the  fame 
any  Room  ; and  by  fcrewing  a Leather  conftant  Manner,  through  a Bore  near  two 
Pipe  the  Water  may  be  convey’d  either  Inches  Diameter,  3 do  Yards  Dijlance,  and 
ap  Stairs,  or  in  at  a Window,  m Cafe  of  42  Feet  penpcndicttlar.  With  fever  at  other 
-any  Fire.  ufeful  Engines,  too  tedious  to  mention. 

.IV.  All  manner  of  Fancies  in  Foun*  ‘The  Encouragement  given  by  the  Honour^ 
fains.  able  Board  of  His  Mctjefty's  V iclualling- 

Specimens  now  in  Pradice,  viz.  One  Office,  South-Sea-Company,  and  other 
made  for  Mr.  IVloles  Ilart  at  Iileworth,  Flonourable  Perfbns,  preferring  their  Fire- 
whereby  8y  Barrels  of  Water  in  about  the  Engines  to  any  others  ; and  the  Satisfattion 
Space  of  half  an  Hour  are  thrown  into  a given  to  the  Gentlemen  before  mentioned, 
Ciftern  to  the  Top  of  his  Houfe  in  a conftant  fuftciently  Jhews  their  Excellency.  And 
Stream,  and  with  great  Velocity,  from  a for  the  S.Hiifaflion  of  way  who  pall  be  de~ 
River  540  Feet  dftant,  and  about  40  R>*t  Jlnui  of  having  K11Kines  for  the  Services 
perpendicular.  Archer  at  Deptford,  for  aforefaid,  by  fending  a z.;...,  in  Mr  pQwkc 
the  Service  of  a Diftil-Houfe  near  the  iu  Nightingale  Lane,  Wapping,  pcr. 
King’s  Aard,  which  will  raife  150  Barrels  fon  Jhall  be  attended  and  made  fenjibU 
■of  Water  in  lefs  than  an  Hour,  about  30  whether  what  he  intends  to  have  performed 
Feet  perpendicular,  with  the  like  Stream  is  feajible , before  he  is  at  any  Expence, 
and  Force , and  at  the  fame  Time  ( as  Occa- 
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The  next  Artift’s  Account  I produce,  is  that  of  Mr.  Richard 
Mewfham  of  Cloth  Fair , who  makes  the  raoft  ufeful,  fubftantial, 
and  convenient  Engines  for  quenching  Fires,  &c. 


Richard 
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Richard  Newfham  of  Cloth-Fair,  London , Engineer* 


Makes  the  mo  ft  ufifui,  fui>- 

flantial , and  convenient  Engines 
for  quenching  Fires,  which 
carries  continual  Streams  with 
great  Force.  He  hath  play’d  feveral  of 
them  before  his  Majefty,  and  the  Nobility 
at  St.  James's,  with  fo  general  an  Appro- 
bation, that  the  largeft  was  at  the  fame 
time  ordered  for  the  Ufe  of  that  Royal 
Palace  : And  as  a further  Encouragement 
(to  prevent  others  from  making  the  fame 
Sort,  or  any  Imitation  thereof)  his  Ma- 
jefty has  fince  been  gracioufly  pleas’d  to 
grant  him  his  feconU  Letters  Patent,  for  the 
better  fecuring  his  Property  in  this,  and  fe~ 
veral  other  Inventions  for  railing  Water 
from  any  Depth,  to  any  Height  required. 

The  largejl  Engine  will  go  through  a 
PalTage  about  three  Foot  wide,  in  com- 
plete working  Order,  without  taking  off, 
or  putting  on  any  thing  : And  may  be 
worked  with  ten  Men  in  the  faid  Paffage. 
One  Man  can  quickly,  and  with  Eafe, 
move  the  largejl  Size  about,  in  rhe  Com- 
pafs  it  (lands  in  : And  is  to  be  play’d  with- 
out rocking,  upon  any  uneven  Ground, 
with  Hands  and  Feet,  or  Hands  only, 
which  cannot  be  parallel ’d  by  any  other 
Sort  whatfoever.  There  is  Conveniency  for 
above  20  Men  to  apply  their  full  Strength , 
and  yet  referve  both  Ends  of  the  Ciflern 
clear  from  Incumbrance,  that  others  at  the 
fame  time  may  be  pouring  in  IVater,  vihich 
drains  through  large  Copper  Strainers.  The 
Staves  that  are  fixed  through  the  Leavers, 
along  the  Sides  of  the  Engine,  for  the  Men 
to  work  by,  though  very  light , as  alternate 
Motions  with  cjuick  Returns  require  ; yet 
will  not  fpring  and  lofe  Time  the  leaf} : But 
the  Staves  of  fuch  Engines  as  are  wrought 
at  the  Ends  of  the  Ciflern , will  fpring  or 
break,  if  they  be  of  fuch  a Length  as  is 
neceftary  for  a large  Engine , when  a con- 
fiderable  Power  is  apply’d  : And  cannot 
be  fix’d  fall,  becaufe  they  rnuft  at  all  Times 
be  taken  out,  before  That  Engine  can  go 
through  a PalTage.  The  playing  two 


Streams  at  once,  do  neither  iffue  a greater 
Quantity  of  Water,  nor  is  it  new , or  fo 
ufeful,  there  having  been  of  the  like  Sort  at 
the  Steel-yard,  and  other  Places,  30  or  40 
Years ; and  the  Water  being  divided , the 
Diftance  and  Force  are  accordingly  lejfen'd 
thereby  : That  Way  of  working  not  be- 
coming more  publiek,  is  a vilible  Proof, 
that  it  doth  not  anfwer  3 for  with  a.  very 
fmall  Addition,  any  Engine  will  do  the 
fame. 

Thebe  is  a Miftake  very  common 
among  fuch  as  are  not  well  acquainted 
wiiti  tiic  Lav, r „/  Nature,  and  the  Effedls 
of  Mechanical  P owers,  who  imagine  that 
the  more  Purchafe  the  Leavers  have  upon 
the  Forcers  in  the  Barrels  ( without  any 
Regard  to  Time ) the  greater  the  Perfor- 
mance, both  as  to  Length  of  the  Stream,  and 
Quantity  of  Water  deliver'd ; but  ’tis  well 
known,  that  Notion  is  wrong  ; for  the 
greater  the  Purchafe  is,  by  applying  the  ope- 
rating Power,  more  dijlant  from  the  Centre 
the  flower  will  the  Motion  of  the  Forcers 
be  ,-  which  is  confiflent  with  all  Mechanical 
Effects  , thus.  What  is  gain  d by  the  Power 
is  loft  in  Time. 

Those  who  pretend  to  make  the  Forcers 
work  in  the  Barrels , with  a perpendicular 
Stroke,  without  Rack,  Wheels,  Chains, 
Crank,  Pully,  or  the  like,  by  any  kind  of 
contrived  Leavers,  or  circular  Motion 
whatfoever,  with  lefs  Fritlion , than  if  gui- 
ded and  work'd  by  Wheel  and  Chains,  ( which 
of  all  Methods  is  the  bejl ,)  do  only  difeover 
their  Ignorance  ; they  may  as  reafouably  ar- 
gue, that  a great  Weight  can  be  dragg’d 
upon  a Sledge,  with  as  little  Strength,  as 
if  drawn  upon  Wheels. 

The  approv’d  Duration  of  thofc  Chains 
both  from  Water  and  Ruft,  has  been  fuffi- 
ciently  experienc’d  for  fome  Years,  in  fe- 
veral Parts  of  this  and  other  Kingdoms; 
but  to  inftance  fome  Places  at  Home,  parti- 
cularly at  the  Hand-In-Hand,  and  other 
Affiirance  Offices,  whofe  Bufinefs  it  is  to  be 
firft  and  laft  at  every  Fire  that  happens  in 
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the  Cities  of  London  and  Wefiminficr , and  tage,  whatever  Necefiity  there  may  be 
the  Suburbs  thereof ; who  consequently  for  it. 

with  much  ufing,  muft  have  throughly  The  five  large  Sizes  go  upon  Wheels, 
tried  them.  As  to  the  Treddles , on  which  well  box’d  with  Brafs , fitted  to  ftrong 
th®  Men  work  with  their  Feet,  there  is  no  Iron  Axles,  and  the  other  is  to  be  carried 
Method  fo  powerful,  with  the  like  Velocity  like  a Chair.  —Their  Performances  are 
er  Quicknefs , and  more  natural  and  fife  for  as  follow,  and  the  Prices  fix’d  fo,  as  to 
the  Men  : Great  Attempts  have  been  made  induce  the  Nobility,  the  Commons,  Cities, 
to  exceed,  but  none  ye t could  equil  this  Boroughs,  Corporations,  Towns,  Col- 
Sort  ; the  fifth  Size  of  which  hath  play’d  leges,  Hofpitals,  Companies-Halls,  Pa- 
above  the  Grafhopper  upon  the  Royal  Ex-  rifhes,  the  Gentry,  and  others,  who  have 
change  ; which  is  upwards  of  55  Yards  not  furnifhed  themfelves  therewith,  to  be- 
high,  and  this  in  the  Prefence  of  many  thou-  come  acquainted  with  this  ufeful  Invention , 
fund  SpeSlators.  for  their  Defence  againft  defolating  Fires. 

Ihofe  with  Suttion  feed  themfelves  with  These  Engines  will  alfo,  by  putting 
Water  from  a Canal , Pond,  Well , Sic.  or  the  Fan  upon  the  Branch,  water  Gardens 
out  of  their  own  Cijlerns,  by  the  Turn  of  like  unto  Rain. 

a Cock,  without  interrupting  the  Stream.  He  makes  fome  fmaller  Engines,  from 
They  are  far  lefs  liable  to  Diforder,  much  6 l.  to  17.  /.  Value,  and  Machines  for  em- 
more  durable  in  all  their  P^rtc,  than  *uy  f tying  Ponds  to  raite  Id' ate, , Hat-Worts,  &c. 
extant,  and  rlaX  !arge  Quantities  of  and  Water-Works  for  any  Purpofe,  to  be 
Water  at  the  Diftances  under-mentioned,  work’d  by  Water,  Horfe,  or  Man ; or  by 
either  from  the  Engine,  or  a Leather  Pipe,  Wind,  on  a conjlant  Speed,  tho’  it  blow 
or  Pipes  of  any  Length  requir’d ; ( the  unequally,  which  of  themfelves  always 
Screws  all  fitting  each  other)  This  the  cum-  keep  their  Sails  to  the  Wind  : Alfo  Foun- 
berfome  fquirting-Engines,  which  take  up  tains,  that  will  play  Columns  of  Water  4 
four  times  more  Room,  cannot  perform  ; Inches  Diameter , 40  Foot  high , with  one 
neither  do  they  throw  one  fourth  Part  of  10th  Part  of  the  Water,  and  Power  to 
their  Water  in  the  Fire,  at  the  like  Diftan-  force  it,  as  is  required  in  other  Jets  of  the 
ces,  but  lofe  it  by  the  Way ; nor  can  they  ufe  like  Size  and  Height. 

Leather-Pipe  with  them  to  much  Advan- 


Number  of 
Sizes. 

What  Quanti- 
ty of  Water 
the  Cifterns 
hold  in  Gal- 
lons. 

Quantity  dif- 
charged  p^r 
Minute  in 
Gallons. 

At  what  Num- 
ber of  Yards 
Diftance. 

Price  without 
Su&ion. 

Price  with  Su- 
&ion,  and  6 
Foot  of  Suck- 
ing-Pipe in- 
cluded. 

Price  of  the  Leather- 
Pipes,  each  Pipe  4© 
Fooc  long,  with  a Pair 
of  Brafs  Screws  in- 
cluded. 

ift. 

40 

60 

33 

17/. 

20  /. 

2 /. 

18  s. 

2d. 

75 

75 

35 

2 6 

30 

3 

3 

3d. 

95 

1 00 

40 

30 

i3  5 

3 

5 

4th. 

125 

125 

45 

35 

40 

3 

7 

5 th. 

tl  6 

itfo 

43 

45 

5° 

3 

17 

<5th. 

185 

190 

50 

55 

60 

5 
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POSTSCRIPT  by  way  of  Notes  on  Book  III.  re„ 
lating  to  the  Kifmg  of  Water  in  Pumps . 


TO  compleat  this  ColleStion  of  Hy- 
draulicks,  I add,  by  way 'of  Poft- 
fcript,  an  Obfervation  which  I 
have  long  made  concerning  the  Pra&itio- 
ners  in  the  Art  of  Pump-work,  who  dif- 
fer very  largely  from  each  other  in  their 
Opinion,  relating  to  the  proper  Length  or 
Fall  of  Piftons  in  Pumps  5 thofe  who  are 
for  making  the  Stroke  long,  viz.  3,  4,  or 
5 Foot,  or  fometimes  more,  urge  the  Ne- 
ceffity  there  is  to  force  up  large  Quantities^ 
of  Water  to  great  Heights,  and  fay,  that  if 
there  is  not  fuch  a Thruft,  the  Water  will 
recede  backwards  again,  and  not  rile  up 
with  that  Uniformity  which  is  requifite  in 
Works  that  go  continually ; but  others 
are  of  a different  Opinion,  and,  amonglt 
them,  Air.  Plevjjham  of  Cloth-Fair  tells  us 
in  his  printed  Propofals,  That  what  is  got 
in  Pur  chafe  is  loft  in  Time  ; and  indeed  I 
cannot  but  be  of  the  fame  Opinion  as  this 
laborious  Engineer  is  of,  and  think,  that 
where  there  are  3 or  4 Leavers  con- 
ftantlyat  Work,  there  is  no  Occafion  for 
long  Strokes,  unlefs  it  be  where  there  is 
only  a lingle  Pillon,  as  is  in  the  Tork- 
Buildings  Engine ; and  there  indeed  a 6 
Foot  Stroke  is  neceffary,  in  order  to  the 
giving  the  Water  in  the  Pipes  its  full 
Force. 

Mariotte,  Page  1 05.  of  his  Hydro/la- 
ticks  ( Engtijh  Edition)  makes  ufe  of  an 
Algebraical  Calculation  for  the  railing  of 
Water  in  the  following  Manner.  Sup- 
pofe,  (fays  he)  the  Barrel  to  be  12 
Foot  above  the  Surface  of  the  Water, 
that  you  would  raife  ; and  fuppofe  that 
you  have  a mind  to  raife  it  to  this 
Height  of  12  Foot  by  one  Stroke  of 
the  Pifton,  you  mull  make  this  Analogy  : 
As  20,  the  Complement  of  12  Foot,  is 
to  32  ; fo  is  12  Foot  of  common  Air 
to  a 4th  Proportional ; this  4th  Proportio- 
nal will  be  19  -y,  which  Ihews  that  the 
Barrel  of  the  Pump  mull  be  pretty  long  to 
raife  the  Pifton  19  Foot  j above  the  12 
Foot,  in  order  to  raife  the  Water  iz  Foot, 


by  only  one  Stroke  of  the  Pifton  ; but  if 
the  Play  or  Stroke  of  the  Pifton  were  li- 
mited to  2 Foot,  you  muft  fay  ; As  32 — A 
is  to  32,  fo  is  12— A to  14— -A.  The 
firft  Tetm  is  the  Complement  of  the  un- 
known Height  to  which  the  Water  will 
rife,  to  32  Foot  of  Water  ; which  is  the 
Weight  of  the  Atmofphere  : The  third 
Term  is  the  12  Foot  minus  that  Height, 
and  the  Fourth  is  the  2 Foot  that  the  Pifton 
rifes,  join’d  to  12  Foot  minus  the  fame 
Height.  Now  the  ProduSt  of  14  — A, 
by  32  — A,  is  448  *—  46  A -j-  A A,  and 
the  Produd  of  the  two  middle  Terms  is 
384  — 32  A ; the  Equation  being  reduc’d, 
there  will  be  an  Equality  betwixt  A A and 
14  A — 54;  and  becaufe  64  cannot  be 
taken  fron  49  the  Square  of  7,  which  is 
half  the  Roots,  ’tis  a Sign,  that  in  con- 
tinuing to  pump,  at  feveral  times  you  may 
raife  the  Water  up  to  the  Pifton  ; and  to 
know  how  far  it  will  rife  the  firft  Stroke, 
you  muft  fuppofe  that  the  Pifton  is  rifen  2 
Foot;  there  will  bean  uniform  Barrel  of 
14  Foot;  and  according  to  the  Rules  laid 
down  in  his  Effay  upon  Logick,  and  his 
Treatife  of  the  Nature  of  Air,  which  makes 
this  Calculation.  The  enclos’d  Air  was 
12  Foot;  12  Foot -j- A is  to  A,  as  32  to 

2 — A ; the  Equation  being  reduc’d,  you 
will  find  that  A A will  be  equal  to  14  — 
42  A ; and  at  laid,  that  the  Value  of 
the  Root  will  be  a little  lefs  than  f ; 
which  being  taken  from  2,  there  will  re- 
main 1 f and  a little  more ; and  confe- 
quently  the  Water  will  by  the  firft  Stroke 
of  the  Pifton  rife  but  one  Foot  and  a 
little  more. 

If  you  had  fuppos’d  the  Play  of  the 
Pifton  to  be  one  Foot,  you  might  know 
by  the  fame  Calculation  how  high  the  Wa- 
ter would  rife  by  the  firft  Stroke  of  the. 
Pifton  ; and  if  you  would  know  to  what 
Height  it  may  rife  after  feveral  Strokes, 
you  muft  fay,  As  3 2 — A is  to  3 2,  fo  1 a 

• A is  to  x 3 — A ; the  Equation  being 
reduc’d,  you  will  find  13  A « 32  equal 

3 to  A 
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to  A A.  The  Square  of  6 f the  Half  of 
the  Root  is  41  £ ; from  which  lubdradting 
52,  there  remains  xo  4.,  the  Root  of  which 
is  3/+  a little  lefs  : Take  that  from  6 
and  there  remains  3 and  /+  ; add  that  to 
6 i,  and  it  will  make  9 and  thefe 

3 and  \\  will  be  die  two  Roots, 
^ which  (hews  that  the  Water  can  never  nXe 

when  the  Barrel  is  empty,  above  3 foot 
and  a little  more,  tho’  you  play  the  Pidon 
as  long  as  yon  pleafe  ; but  if  you  had  fill’d 
the  Barrel  9 Foot  you  might  make  the 
Water  rife  12  Foot  compleat  by  feveral 
Strokes  of  the  Pi  lion. 

Let  us  fuppofe  now  that  the  Barrel  is 
*4  Foot  up  to  the  Pidon,  and  that  the 
Stroke  of  the  Pidon  is  2 Foot ; 32  — A 
will  be  to  32,  as  14  — A to  16  • — A. 
To  find  the  Equation  eafily,  you  mud 
multiply  32  by  2,  the  TVflcrcnv.c  ot  14 
and  1 6 : The  Ptodutt  is  6 4 for  the  abfo- 
lute  Number,  and  that  of  16  A,  will  be 
the  Number  of  the  Roots,  and  A A will 
be  equal  to  16  A — 64  i Square  of 
half  the  Root  is  64 ; from  whence  fub- 
tra&ing  64,  there  remains  o,  whofe  Root 
is  o,  which  being  taken  from  and  added  to 
8,  dill  makes  8;  which  (hews  that  there 
is' but  one  Root,  and  that  the  Water  can’t 
rife  above  8 Foot;  but  if  you  make  the 
Pi  don  play  ever  fo  little  higher  than  2 
Foot,  the  Water  will  rife  14  Foot.  1 he 
Analogy  is  eafy  ; for  the  Pidon  being  raf- 
fed 2 Foot,  the  Barrel  will  be  16  Foot, 
and  that  Water  being  at  8 Foot,  there  will 
remain  6 hoot  of  Air  ; but  32  is  to  24  the 
Complement  of  8 Foot  to  32,  as  8 P’oot 
of  ratified  Air  to  6 Foot  of  common  Air ; 
then  the  Water  will  raife  no  higher  than 
8 Foot,  if  the  Pidon  plays  but  2 Foot. 

Thence  you  fee,  that  to  draw  up  Wa- 
ter to  a confiderable  Height,  as  20  Foot,  the 
Breadth  of  the  Pump-Barrel  mud  be  dimi- 
nifh’d,  and  a fufficient  Space  mud  be  al- 
low’d for  the  Stroke  of  the  Pidon;  for, 
fuppofing  that  the  Surface  of  the  Pidon  be 

4 times  broader  than  the  Bafe  of  the  Bar- 
rel, the  tiling  of  the  Pidon  1 Foot,  will 
have  the  fame  Efted  as  if  it  rofe  4,  if  the 
Diameter  of  the  Pidon  were  only  equal 
to  that  of  the  Barrel  ; if  then  the  Srroke 
be  a Foot  and  a half,  it  will  be  the  fame  as 
if  it  rofe  6 Foot,  and  were  of  the  fame 
B-i-adth  : Now  the  4 Terms  of  Equation 


being  32  — A;  32,  20  *— A,  16  ~ A, 
there  will  be  6 times  32,  viz.  192  for  one 
Term  of  the  Equation,  and  1 6 A for  the 
other,  according  to  what  has  been  faid  ; 
•here  will  be  then  A A equal  to  z6  A *— 
192  ; the  Square  of  half  the  Roots  is  189 
lefs  than  19a  3 and  confequently  if  you 
pump  a long  time,  you  may  raife  the 
Water  20  Foot. 

If  in  the  Example  above-mention’d,  you 
take  8 Foot  for  the  highed  Term  of  the 
Water,  When  the  Barrel  is  14  Foot,  and 
the  Stroke  of  the  Pidon  2 Foot,  ’tis  eafy 
to  prove,  that  if  you  fuppofe  9 Foot  of 
Water  upon  the  Clack,  it  will  continue  to 
rife  by  the  playing  of  the  Pidon  2 Foot ; 
for  there  will  remain  5 Foot  of  Air.  Now 
there  is  a lefs  Proportion  betwixt  5 and  7, 
than  there,  is  herwixt  27,  the  Complement 
of  5 to  32,  and  32,  and  confequently  the 
Water  will  rife  higher  than  9 Foot  The 
Proportion  will  dill  be  more  unequal,  if 
you  take  10  or  11  Foot;  and  if  you  take 
7 indead  of  8 Foot,  the  Water  will  dill 
rite,  for  there  will  remain  7 Foot  of  Air; 
now  25,  the  Complement  of  7 to  32,  is 
to  32  as  7 to  8 |f ; then  if  the  Pidon  goes 
2 Foot,  it  will  raife  the  Water  higher  than 
7 Foot  ; it  will  rife  dill  more  eafily,  if 
you  pour  in  only  6 Foot  of  Water ; for 
there  will  be  8 Foot  of  Air.  Now  the 
Complement  16  is  to  32  as  8 to  9 §|;  then 
if  indead  of  9 which  makes  the  Equi- 
librium, the  Pidon  goes  10  Foot,  it  will 
make  the  Water  rife  dill  better  than  when 
it  was  at  7 Foot ; and  better  dill  than  when  it 
is  at  5 Foot,  bV.  If  you  would  know  what 
Play  the  Pidon  mud  have  to  raife  the  Water 
30  Foot,  you  mud  take  a Number  a little 
greater  than  the  half  of  30,  as  1 6,  at  which 
Point  pretty  near  the  YVater,  will  rife 
with  the  greatell  Difficulty  ; the  Comple- 
ment is  1 6,  the  Remainder  of  Air  is  14  • 
as  1 6 is  to  32,  fo  is  14  to  28.  The  Pidon 
then  mud  rife  14  Foot;  or  if  the  Barrel  be 
2 Inches  Diameter,  the  Pidon  mud  be  7 
Inches  5 ; for  the  Square  of  7 j is  56  J- 
which  is  a little  more  than  14  times  4 the' 
Square  of  2)Inches ; and  then  it  will  be  fuffi- 
cient  that  the  Stroke  of  the  Pidon  be  one 
Foot ; but  as  it  is  dill  more  difficult  at  an 
Elevation  of  18  Foot,  the  Pidon  mud  be  8 
Inches  Diameter,  to  raife  the  Water  above 
18  Foot,  when  its  Stroke  is  but  one  Foot. 
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chap.  xxx. 

A General  Introduction  concerning  the  Coming-in  of  Water  from 
Engines,  or  Springs,  and  the  Expence  thereof  in  Caf cades  and 
Fountains. 


*■  uwiu.vj  an  lUKjiu  uiai.  would  have  their  Wa- 

terworks to  fucceed  well,  to  make  the  exadeft  Calcula- 
Sf^gy|BSp8j|  £*on.s  they  podibly  can,  what  Water  their  Engine  or 
Spring  will iupply  them  withal;  that  fo  they  may  re- 

r Ytr  gulaE  th,  Exte.nt  of  their  PiPes  of  Conduct-  sheets,  and 
jets  oi  water,  ©c.  iince  it  would  be  a great  Diilatisfa&ion  and 
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Reproach  to  the  Owner  of  any  Waterworks  to  have  fine  Grotto- 
Work,  Cafcades,  and  other  Inventions  of  this  Kind,  and  not  to 
Lave  Water  tofupply  them  withal. 

But  by  this  Supply  I would  not  be  underftood  to  mean  a con- 
tinual Cadence  or  Current  of  Water,  that  being  to  be  had  but  in 
few  Places,  except  on  low  Grounds,  where  Rivers,  at  leaft  Kivu- 
lets,  have  their  Courfet  JSIor  can  I readily  fubfcribe  to  thofe  that 
value  no  Cafcade  or  Fountain,  except  they  play  continually,  fince 
that  would  be  limiting  Waterworks  to  a few  Places  only,  and 
would  be  the  debarring  many  a pleafant  Situation  of  that  which  is 
one  of  the  greateft  Beauties  of  it  5 I mean  that  of  line  water, 
efpecially  if  to  it  be  added  the  Cadence  and  Murmuring  of  Streams, 
in  Grotto,  Rock,  Cafcade,  and  Fountain- Works , which,  tho’  they 
do  not  play  always,  yet  have  their  proper  Times  of  Diverfion,  in 
all  hot  and  fultry  Weather,  and  in  the  Lawns  and  other  interme- 
diate Spaces  of  Woods,  Groves,  and  other  Places  of  Delight;  and 
the  Experience  we  daily  have  of  the  vaft  Quantities  of  Water  that 
good  Engines  produce,  (which  when  emptied  into  Refervoirs  or 
Ponds,  well  clay’d,  afford  furprizing  Quantities  of  Water,  enough 
to  fupply  not  only  Cities  and  Towns,  but  alio  large  Balons  of 

Water,)  confirm  what  I offer  on  thro  Il^ad.  _ 

N 0 w,  for  the  better  underftandmg  this  Art,  it  will  be  requifite 
that  the  Owner  and  Projeftor  be  rightly  inform’d  how  many  In- 
ches of  Water  his  Engine  or  Spring  will  give.  in  a Minute,  or  an 
Hour,  and  confequently  how  great  a Quantity  in  twenty  four  Hours; 
that  fo  he  may  compute  how  wide  his  Cafcades,  Fountains,  or  his 
other  Expences  of  Water  that  are  required  may  be,  and  how  long 
the  Supply  that  arrives  in  twenty  four  Hours  will  play : One  or  two 
Hours,  at  moft,  in  a Day,  is  generally  fuppofed  fufficient;  and  for 
the  Thicknefs  of  Water  over  a Cafcade,  half  an  Inch  is  enough  ; 
and  from  Preliminaries  lb  eftablifhed,  may  alfo  be  readily  calcu- 
lated how  much  fuch  Cafcades  may  be  contracted  and  enlarged. 
To  proceed  to  the  Theory  or  Motion  of  Spouting  Water,  &c.  _ 

The  learned  Grave fende.  Book  II.  Tart  z.  Cap.  8.  of  his  Ma- 
thematical Elements  of  Natural  Thilofophy ,_  fays,  That  a Liquid 
Spouting  vertically  out  of  a Hole , arifes  up  with  that  Celerity,  with 
which  it  would  come  up  to  the  upper  Surface  of  the  Liquid,  yet  it 
ne  ver  comes  up  to  that  Height : Becaufe  the  Velocity  of  a Liquid 
increafes,  when  the  Depth  of  the  Hole  below  the  Surface  of  the 
Liquid  increafes,  in  the  fame  Ratio  as  the  Celerity  of  the  fa  ling 
Body  increafes,  when  the  Space  gone  through  by  the  Fall  mcieafes, 
and  it  is  remarkable,  that  in  the  Beginning  their  Velocities aie  equal ; 
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for  in  a Liquid  the  upper  Parts,  as  well  as  thole  in  a Body,  endea- 
vour to  defcend  by  Gravity  only. 

Now  the  Celerity  by  which  a Liquid  afcends  is  diminifli’d  every 
Moment,  and  the  Column  of  the  fpouting  Liquid  confifts  of  Parts, 
which  arc  moved  to  different  Heights  by  different  Celerities  : All 
the  Parts  of  a Column,  which  is  every  where  of  the  fame  Thick- 
nefs,  are  neceffarily  moved  with  the  fame  Celerity  ; the  laid  Co- 
lumn will  be  every  where  broader  every  Moment,  as  the  Celerity  of 
the  Liquid  is  diminifh’d,  which  arifes  from  the  Impulfe  of  the  Li- 
quid following,  and  which,  from  the  Nature  of  a Liquid,  yields  to 
every  Impreflion,  and  is  eafily  moved  every  Way ; and  by  that 
Impreffion  the  Motion  is  retarded  every  where. 

Secondly , This  Motion  is  alfo  diminifli’d  by  the  Liquid,  becaufe 
when  it  has  loft  all  its  Motion,  it  is  hang’d  up  in  the  upper  Part 
of  the  Column,  and  is  fuftained  for  a Moment  by  the  Liquid  that 
follows  it,  before  it  flows  off  on  the  Sides,  which  retards  the  Li- 
quid that  follows  it,  and  that  Retardation  is  communicated  to  the 
whole  Column. 

Thirdly , This  Motion  of  the  Liquid  is  alfo  diminifli’d  by  the 
FriQdon  that  is  againft  the  Sides  of  the  Hole,  which  Friftion  is 
increafed  when  the  Liquid  is  brought  through  Pipes  and  Cocks : 
And,  lajtiy , the  Refiftance  ot  the  /Ur  flops  the  Motion  nf  all  Li- 
quids ; the  firft  Caufe  cannot  be  corrected,  but  the  fecond  may,  by 
fomewhat  inclining  the  Dire&ion  of  the  Liquid,  (as  by  laying  the 
Pipe  on  a Slope,)  becaufe  every  Liquid  rifes  higher,  and  eonfequent- 
ly  gives  more  Water,  if  it  be  a little  inclined,  than  if  it  fpouts 
vertically.  This  Celerity,  and  confequently  the  Quantity  of  this 
Water,  is  likewife  expedited  by  the  Height  of  the  Refervoir  (or 
Impulfe  and  Force  of  the  Engine)  from  which  it  proceeds,  as  well 
as  from  the  Largenefs  of  the  Apertures  or  Holes  of  the  Adjutages 
and  Pipes  of  Conduct,  to  which  they  are  faftened,  which  caufes  the 
Water-Spouts  to  go  the  quicker;  and  the  Expence  of  Water  through 
the  fame  Paffage  is  according  to  the  Proportion  of  the  Celerity  or 
Velocity  (call  it  which  you  will)  it  has  in  flowing  out;  and  this 
Expence  (as  Marriotte  fets  down,  T)ifcourfe  III.  ‘Page  17/.)  is  ac- 
cording to  the  duplicate  Ratio  of  the  Diameters  of  the  Holes,  which 
he  has  demonftrated  in  the  following  Manner. 

A B {Fig.  1.  Plate  V.)  is  a Plane  with  a round  Hole  bor’d  in  at 
e f\  CD  is  another  Plane  bor’d  with  another  Hole,  though  lefs,  at 
g h\  I L is  a Cylinder  pafling  through  the  Hole  ef  in  a certain 
Time,  as  in  two  Seconds,  according  to  an  uniform  Velocity;  M N 
-is  another  Cylinder  of  the  fame  Length,  but  the  Bafe  much  lefs, 
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which  alfo  paffes  entirely  through  the  Hole  g h in  two  Seconds.  It 
is  manifest,  that  it  the  Diameter  E F of  the  Cylinder  I L,  which  is 
equal  to  that  of  the  Hole,  be  double  the  Diameter  o l gh-,  the  great 
Cylinder  will  be  four  Times  as  big  as  the  other,  fince  they  are  to 
one  another  as  their  Bates,  each  of  which  is  fuppofed  to  be  equal 
to  the  Hole  through  which  they  pafs : Now  fince  they  have  the 
fame  Velocity,  when  the  half  of  the  great  Cylinder  is  palled  through, 
the  half  of  the  little  one  will  alfo  be  gone  through ; and  that  which  has 
paffed  of  one  and  the  other,  will  be  always  in  the  fame  Proportion  of 
4 to  i : Then  if  we  fuppofe  thefe  Cylinders  to  be  Water-Spouts 
that  have  the  fame  Velocity,  there  will  always  fpout  four  Times  as 
much  Water  from  the  great  Hole  as  from  the  little  one.,  which  is 
in  a duplicate  Proportion  of  the  Diameters  of  the  Holes ; and  juft  fo 
in  refpeft  of  other  Proportions. 

From  which  Maxim  he  draws  the  two  following  Experiments: 

Firji , That  a Refervatory,  or  Ciftern,  12  Foot  4 Inches  deep, 
yielded  through  an  Hole,  exadfly  of  3 Lines  Diameter,  14  Pints  in 
61  Seconds  and  a half,-  or,  in  other  Words,  in  one  Minute,  one 
Second  and  a half,  if  continually  kept  full,  that  the  Height  of  Wa- 
ter might  prefs  upon  it ; and  though  exaftly  of  6 Lines,  it  will 
yield  the  fame  Quantity  in  1 5 Seconds  and  a half,  which  is  alrnoft 
according  to  the  duplicate  rropomon  ot  the  Diameter ; for  it  would 
have  yielded  56  Pints  and  a half  in  about  the  Time  of  62,  Seconds. 

Secondly , That  a Refervatory  of  24  Foot  5 Inches  deep  yielded 
through  the  fame  Hole  of  3 Lines  14  Pints  in  44  Seconds  and  a 
half;  and  in  another  Time  in  45 ; and  the  Hole  of  6 Lines  yielded 
the  fame  Quantity  in  xi  and  alrnoft  1 quarter;  and  having  repeat- 
ed the  Experiment,  it  yielded  it  in  12  Minutes  precifely. 

From  whence,  as  well  as  from  innumerable  other  Experiments 
that  might  be  produced,  it  appears,  that  the  Expence  of  Water 
coming  "into,  or  going  out  from  one  Refervoir  to  another  of  equal 
Height,  is  in  a duplicate  Ratio  of  the  Diameter  of  the  Holes,  the 
Diameter  lying  about  feven  Lines  below  the  Surface  of  the  Water  ; but 
when  the  Heights  of  the  Water  in  the  Refervoirs  are  different,  the 
higheft  give  more  than  the  others  in  a fubduplicate  Ratio  of  the 
Heights,  that  is,  as  the  leaft  Height  to  the  mean  Proportional  be- 
twixt it  and  the  great  Height. 

Torricelli , in  his  Treatife  of  the  Motion  of  Water,  (as  Marriotte 
fets  down,  pag.  180.)  has  given  a Demonftration,  which  feems  a- 
propos  to  the  prefent  Purpofe;  when  he  fays,  That  if  a Refervatory 
A B C D,  has  a little  Flole  of  four  or  Eve  Lines  at  the  Bottom  at  E, 
( Fig.  72.  ‘Plate  y.)  and  the  Water  being  at  the  Height  of  the  Line 
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A B,  may  run  out  in  io  Minutes  without  pouring  in  any  more,  in 
its  Defcent  it  will  pafs  through  unequal  Spaces  in  equal  Times : fo 
that  if  you  divide  the  Line  BC  into  ioo  equal  Parts,  during  the 
fir  ft  of  thefe  Minutes,  it  will  defcend  19  of  thefe  Parts,  during  the 
Second  17,  during  the  Third  &c.  and  fo  on,  according  to  a Se- 
ries of  odd  Numbers,  down  to  an  Unit;  fo  that  the  laft  Part  will 
go  out  in  the  laft  of  10  Minutes. 

The  Reafon  of  which  is  founded  on  what  is  before  fet  down,  viz. 
That  the  Velocities  of  Running  Water  are  in  a fubduplicate  Ratio 
of  their  Heights;  ,and  confequently,  that  they  are  to  each  other  as 
the  Ordinates  of  a Parabola  A B C,  beginning  at  the  greateft  A B, 
and  ending  at  the  Point  C;  which  caufes  the  Spaces  pafted  through 
in  the  fame  Time,  by  the  Surface  of  the  Water  A B,  to  be  as  the  Se- 
ries of  odd  Numbers,  beginning  at  the  greateft ; which  will  be 
difcovered  more  plainly  in  the  Tables  that  will  by-and-by  be  pre- 
fented  to  View. 

Agreeable  to  Experiments  of  this  Kind,  the  fame  Torricelli 
propofed  (though  he  never  finifhed  it)  a Problem,  to  find  a Veffel 
of  fuch  a Figure,  that  being  pierced  at  the  Bottom  with  a final! 
Hole,  the  Water  fhould  go  out,  its  upper  Surfaces  defcending  from 
equal  Heights  in  equal  Times.  As  fuppofe  in  the  Conoidal  Figure, 
Fig.  1 • Tab.  feq.  BL  is  to  BN  as  the  fquared  Square  of  L M is  to  the 
fquared  Square  of  N O,  and  B N to  B H as  the  fquared  Square  of 
N O to  the  fquared  Square  ofH  K,  and  fo  on;  the  Water  will  de- 
fcend from  A DC  uniformly,  till  it  comes  to  the  Hole  at  B ; for 
let  BP  be  the  mean  Proportional  between  BD  and  BH,  fince  the 
Square  fquared  of  KH  and  of  D C,  are  to  each  other  as  the  Heights 
BH,  BD;  the  Squai  of  H K,  DC,  will  be  in  a fubduplicate  Ra- 
tio of  BH  to  BD,  or  .-s  the  Heights  BP,  BD;  but  the  Velocity 
(and  confequently  the  Quantity  of  Water)  that  goes  out  at  B,  by 
Reafon  of  the  Prelfure  of  BH,  is  in  a fubduplicate  Ratio  of  B D, 
BH,  that  is  to  fay,  as  BP  toBD;  therefore  the  Velocity  of  the 
Water  defcending  from  H is  ro  the  Velocity  of  the  Water  defend- 
ing from  D,  as  the  Square  of  H K is  to  the  Square  of  DC:  But 
the  circular  Surface  of  the  Water  at  H is  to  the  circular  Surface  of 
the  Water  at  D,  as  the  Square  H K to  the  Square  of  DC;  there- 
fore they  will  defcend  and  run  out  one  as  faft  as  the  other : And  if 
the  Surfaces  ADC  run  out  in  a Second,  the  Surface  G H K will 
run  out  in  a Second  likewife,  fince  the  Quantities  are  as  the 
Velocities. 

The  fame  Thing  will  happen  to  the  other  Surfaces  at  E and  F, 
but  the  Hole  at  B muft  be  fo  regulated,  that  no  confiderab  e 
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Acceleration  may  be  made,  and  that  the  Water  may  not  go  out  of 


as  Marriott e obferves,  that  fuch  a VeiTel  will  or  may  ferve  for  a 
Clepfydra  or  Water-Clock,  an  oblong  Refervoir  ofthat  Shape  may 
be  of  excellent  Ufe  in  the  Driving  of  Mill-Wheels  where  Water 
< is  fcarce,  and  the  Opening  is  at  the  Bottom  of  it. 

B u t to  return  from  this  fhort  Digrefiion,  to  which  I have  been 
infenfibly  carry’d,  it  is  plain,  from  the  foregoing  Experiments,  that 
the  Supply  of  Water,  which  comes  from  one  Place  to  another,  is 
■according  to  the  different  Sizes  of  the  Spouts  or  Pipes  of  Condufl 
■ from  which  it  proceeds,  and  according  to  the  different  Heights  of 
the  Head-Spring  or  Refervoir  from  whence  it  falls ; becaule  it  is 
by  the  Difference  of  the  Velocity  or  Force  of  Water,  proceeding 
from  heights  greater  or  leffer,  that  the  Quantity  of  Water  proceed- 
ing therefrom  is  either  greater  or  leffer;  for  the  exatff  Calculation  of 
all  which,  the  World  is  obliged  to  that  curious  and  mofi  exaft  Cal- 
culator of  Fluids  Monfieur  Marriotte , in  his  late  excellent  Trea- 


That  their  Ounce,  and  confequently  their  Pound,  and  other  Weights, 
nre  to  ours  as  93  ^ 100.  And,  finally,  that  the  Vf eight  in  Pounds 
<of  a cubical  Foot  French , is  to  the  Weight  in  Pounds  of  a^ubical 
Foot  Englifb)  as  79  is  to  6^,  or  thereabouts.  So  that  it  a Column 
of  Water  of  12  Foot  high,  and  half  a Foot  fquare  French , weighs 


210/.  tne  lame  lNurnDci  ui  w cuci  m 
than  the  French')  will  weigh  but  172/.  if. 


The  next  Chapter  illuftrates  the  Practice  of  what  goes  before. 
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C H A P.  XXXI. 

A farther  Calculation  of  the  Coming-in  of  Water  from  Engines 

or  other  wife. 

WE  are  now  come  to  the  real  Calculation  of  the  Motion  of 
Fluids  or  Water  in  Pipes,  which  by  the  Rules  Marriott e and 
others  have  laid  down,  will  (through  a Bore  of  three  Lines,  com- 
monly call’d  an  Inch  of  Water)  give  14  Pints  in  a Minute,  and 
confeq uently,  3 ‘Paris  Muids  about  2/  Hgds.  i English  in  an  Hour, 
and  56  Englifh  Hcgfheads  in  2.4  Hours,  provided  the  Diftance  and 
the  Friftion  occafion’d  thereby  be  not  too  great,  and  that  the  Top 
of  the  Refervoir  lie  fomething  above  the  Hole  or  Spout,  out  of 
which  the  Water  proceeds ; horizontal  Jets  giving  more  than  thofe 
that  fpout  upwards,  and  lefs  than  thole  which  fpout  downwards- 
as  Realon  and  Experience  demonftrate. 

Agkeeaetc  to  thic  linio  nf  12  Foot  or  Foot  high,  above, 
the  Hole  of  an  Adjutage  of  3 Lines  will  give  an  inch  of  Water, 
that  is  14  Pints  French , about  20  % Pints  Englifh  in  a Minute,  as 
above,  as  it  fpouts  upwards,  and  when  the  Refervoirs  have  the 
fame  Height,  but  different  Adjutages,  the  Expence  of  the  Water 
will  be  in  the  fame  Proportion  as  the  Ploles  of  the  Adjutages,  that 
is,  as  the  Squares  of  the  ‘Diameters  of  the  faid  Holes.  Thus,  if  a 
Refervoir  of  13  Foot  has  an  Adjutage  of  6 Lines,  and  the  Pipe  of 
Condudl  be,  as  it  ought,  4 Times  the  fame,  that  is,  2 Inches,  it 
will  give  4 Inches  of  Water:  And  if  it  is  a Hole  of  one  Inch  Bore, 
the  Pipe  of  Condudt  being  4 Times  as  much,  it  will  give  16  In- 
ches in  fpouting  upwards,  provided  the  Pipe  of  Conduct  which 
brings  down  be  of  a fuIRcient  Bore  all  the  Way,  according  to 
thele  Rules. 

In  order  to  calculate  the  Expence  of  Water,  take  the  Square  of 
3,  which  is  9,  and  if  the  Adjutage  has  a Diameter  of  five  Lines, 
you  muff:  work  thus  by  the  Rule  of  Three ; faying,  If  9,  the  Square 
of  3,  gives  14  Pints  French  in  a Minute,  how  much  will  25,  the 
Square  of  5,  give?  and  the  Anfwer  will  be  381,  being  near  394 
according  to  which  the  following  Table  is  made. 


A Table 
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A Table  of  the  Expence  of  TVater  in  a Minute  through  S fonts  of 
different  Bores , the  Refervoir  12  Foot  high. 


Pints  Trench. 

Through  anAdjutage  of  1 Line  Diameter  it 


Pints  Englifh. 


2 Lines 

61 

9l 

3 Lines 

*4 

20£ 

4 Lines 

25 

5 Lines 

39 

6 Lines 

56 

80  f 

7 Lines 

76 

I09  + 

8 Lines 

no 

158^ 

9 Lines 

126 

184* 

10  Lines 

*55 

223! 

11  Lines 

188 

271! 

12  Lines,  or 

1 Inch,  224 

323! 

T o return  to  Pra&ice,  according  to  the  afore-mentioned  Table, 
if  a Pipp  of  an  inUi  Bure  give  224  Pints  French , or  rather  323 
Pints  Englifh  in  a Minute,  how  much  will  a Pipe  oi  2 Inches  Bore 
give?  State  the  Queftion  thus : 


If  1,  the  Square  of  1,  give  323.,  what  will  4j  the  Square  of 
2 give?  Anfwer  1292  Pints  Englifh . See  the  Operation. 

4 — 323.  4 

4 


1292 

When  the  Heights  of  Water  in  Refervoirs  are  different,  the 
higheft  give  more  than  the  others  in  a fubduplicate  Ratio  of  their 
Heights,  that  is,  as  the  lead  Height  is  to  the  mean  Proportional 
betwixt  it  and  the  greateft  Height. 

According  to  this,  if  the  Surface  of  the  Water  of  the  lowed 
Refervoir  is  3 Foot  high,  and  the  Spout  3 Lines,  you  muft  take  6j 
which  is  the  mean  Proportional  between  3 and  1 2 ; and  becaule  6 
is  to  3 as  14  is  to  7,  it  may  therefore  be  concluded,  that  a Re- 
fervoir 
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fervoir  of  3 Foot  high  will  give  £ an  Inch  of  Water,  that  is,  7 Pints 
French , or  10  Pints  near  4 English,  through  a Hole  of  3 Lines;  if 
the  Height  was  of  4 Foot,  you  muft  take  48,  the  Produft  of  4 by 
,12,  whofe  fquare  Root  is  near  7 ; then  fay,  as  12  is  to  7,  fo  is  14 
to  a Number  unknown,  which  by  the  Operation  appears  to  be  8 \ ; 
and  {hews  that  fuch  a Jet  will  give  8 Pints  £ French , about  11 
Pints  i English)  in  a Minute ; and  on  Calculations  of  this  Kind  the 
following  Table  depends. 


Foot  Pints  French 

Pints  Eeglifla 

of  6 high  gave 

10 

i4i  nearly," 

8 

9 

I2s 

*77 

10 

I2| 

* 7+ 

12 

14 

20$ 

*$ 

*5* 

2lf 

18 

17? 

24+ 

20 

18J 

2 6% 

25 

206 

27f 

30 

22  6 

85 

24  fere 

34i 

40 

2$f 

3*1 

45 

2?£ 

39i 

48 

28,  or  2 

Inches  40  f 

Now,  to  explain  with  the  curious  Marriott and  his  learned 
Tranflator,  what  is  meant  by  an  Inch  ofWaret,  as  in  the  laft  Line, 
where  there  is  fet  down  28  Pints,  ot  two  Inches;  it  is  fufficient 
to  obferve,  that  it  is  an  Unit,  or  Term,  that  Marriotte  choofes  to 
exprefs  himfelf  by,  as  he  has  done  before,  when  he  fays,  that  if  a 
Spring  gives  7 Pints  French , onwards  of  14  Pints  Englifh , in  a 
Minute,  it  may  be  faid  to  give  an  Inch  of  Water:  Ifit  afford  14 
Pints  French  in  half,  or  20  Pints  English  in  a Minute,  it  may  be 
faid  to  give  two  Inches,  and  fo  on. 

But  it  muft  be  noted.,  that  when  you  make  Tryal  of  any  of 
the  aforegoing  Experiments,  whether  they  are  defigned  to  demon- 
ftrate  French  or  English  Meafures,  you  muft  make  the  Hole  1 Inch 
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and  1 Line,  or  1 Inch  h Diameter,  very  nearly,  the  French  Inch 
being  pretty  near  as  13  to  12  is  to  ours  Englifb, 

It  having  been  proved  then,  by  dividing  144  by  9,  that  a Bore 
ofan  inch  Diameter  will  (according  to  the  Proportions  before  re- 
cited being  16  Limes  as  large  as  a Bore  of  3 Lines,  coming  from 
a Refervoir  12  Foot  high)  produce  224  Pints  "Paris  Meafure,  or 
about  324  of  Englijh  Meafure  in  a Minute;  and  that  all  other 
Heights  in  the  aforegoing  Table  muff  confequently  follow  the  fame 
Proportion,  I have  calculated  the  Table  that  follows,  in  which  will 
be  feen  the  Quantity  of  Water,  English  Meafure,  that  any  Refervoir 
will  give,  from  48  to  6 Foot  high,  according  to  the  different  Sizes 
of  Piping,  from  1 Inch  to  8 Diameter : The  firff  Column  is  the 
Height  of  the  Refervoir,  and  the  other  feventeen  the  Diameters  of 
the  Pipes. 

And  from  this  and  what  goes  before  it  is  plain,  that  moft  Calcu- 
lations relating  to  the  Coming-in  and  Going-out  of  Water,  may  be 
folved;  only  it  muff  be  obferved  in  all  Diameters  or  Bores  of  Pipes, 
they  muft  be  made  according  to  the  French  Inch,  which  is  to  ours, 
as  the  Square  of  16,  which  is  256,  is  to  the  Square  of  15,  which 
is  225:  Say  we  then,  as  225  is  to  226, fo  is  144  to  a fourth  Num- 
ber required,  which  is  1 74,  the  Square  whereof  is  very  near  x 3 
Lines  ~,  or  1 Inch  t~2  d Line:  And  fb  much  muft  the  Diameter 
of  the  Inch  pipe  be,  to  anfwer  the  following  Table;  if  a 2 Inch 
Pipe,  it  muft  be  2 Inches  3 Lines ; if  a 3 Inch  Pipe,  3 Inches  4 Lines 
and  fo  on. 

N.  B.  In  what  is  fet  down  in  the  following  Table,  proper 
Allowance  is  made  for  Fridlion,  dr  rather  the  Interpofttion  of  the 
Air;  but  as  the  Valves  before  mentioned  are  now  much  in  Ule, 
that  Fridtion  or  Interpofition  of  Air,  call  it  which  you  will,  will 
be  in  a great  meafure  taken  off;  and  thefe  Clacks,  or  rather  Valves, 
may  be  ufed  in  Leaden,  Wooden.,  or  Iron  Pipes,  as  well  as  Clay  ; 
fo  that  the  following  Table,  if  it  does  err,  yet  is  an  Error  on  the 
right  Side,  and  the  Quantity  of  Water  here  fet  down,  with  the 
refpe&ive  Heights  to  which  it  has  been  faid  to  rife,  will  certainly 
be  enough. 


A Table 
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So  that  the  Ufesof  the  foregoing  Table  being  very  plain,  I need  not 
enlarge  on  it.  If  you  would  know  how  much  Water  a 4 Inch  Pipe 
will  yield  in  an  Hour,  that  condes  from  a Refervoir  30  Foot  high, 
look  in  the  Table  againft  30,  and  under  the  4,  and  you  will  find 
8192  Pints  in  a Minute;  that  multiplied  by  60,  gives  491520,  and 
divided  by  512,  the  Pints  in  an  Ale  Hogfhead,  and  the  Anfweris 
970  Hogfheads. 

Ag  a in,  in  like  Manner,  if  you  would  know  how  many  Hogfheads 
in  an  Hour  a Pipe  of  2 Inches  Bore,  will  produce  from  the  fame  Height, 
there  will  be  anfwering  2048,  which,  multiplied  by  6c,  produces 
near  231  in  an  Hour;  but  if  it  was  for  a lefs  Height,  as  fuppofe  6 
Foot,  it  would  give  but  112  Hogfheads  in  an  Hour;  and  all  this, 
when  the  Refervoir  is  under  1 yo  or  200  Yards,  at  mod,  of  the  Place; 
for  if  it  be  a long  Length,  and  there  be  Turnings  or  Windings,  and 
up-hill  and  down  in  it,  it  would  caufe  a great  FriQuon,  and  would 
not  yield  above  50  or  60  Hogfheads,  at  moft,  in  an  Hour,  as  Ex- 
perience does  fufficiently  evince,  for  if  the  Allowance  for  Friction 
be  as  9 to  4,  as  the  learned  Annotator  on  Marriotte  fays  it  is, 
then  a Pipe  of  2 Inches  Diameter,  and  that  goes  above  1000  Yards; 
as  fuppofe  12,  13,  or  1400,  then  fuch  a Pipe  would  give  but  49 
Hogfheads  f. 

And  thus  much  for  the  Coming-in  and  nofng-out  of  Water  in 
Pipes  from  Refervoirs  of  different  Heights,  where  there  is  little  or 
no  Friction  ; but,  'tis  much  to  be  feared,  that  Water  that  is  raifed 
by  Engines  will  not  produce  fuch  great  Quantities,  nor  fcarce  fo 
much  as  Refervoirs  at  a great  Diftance,  allowing  for  Friftion ; 
fince  his  plain,  from  the  Principles  of  all  thofe  who  have  wrote 
of  Staticks , That  a Force , which  forces  up  a Body  perpendicularly , 
grows  lefs  equally : Becaufe  the  Gravity  of  the  Body,  which  is 
thrown  up  conftantly,  pufhes  it  downwards  again  ; and  fo  its  Mo- 
tion upwards  muff  continually  decreafe,  and  be  wholly  deftroy’d, 
when  the  Impetus  upwards,  which  is  receiv’d  from  that  impulfive 
Power  that  throws  it  up,  becomes  equal  to  that  Impetus  which 
fits  own  Gravity  gives  it  downwards,  that  is,  that  Bodies  thrown 
upwards  muff:  be  retarded,  and  ceafe  to  rife,  as  foon  as  the  two  Im- 
pulfes  are  become  equal,  and  then  immediately  begin  to  defcend 
again ; becaufe  then  the  Impulfe  of  Gravity  is  greater  than  that  of 
the  Proje&ion ; fince  Gravity  leffens  the  Velocity  of  the  Impulfe 
upwards,  and  by  its  contrary  Aftion  deftroyes  the  Motion  up- 
wards, with  the  fame  Force  that  it  would  produce  a Motion.down- 
wards,  which  is  uniformly,  according  to  the  Laws  of  Motion  ac- 
celerated, the  Force  which  pufhes  upwards  muff  alfo  decreafe  uni- 
formly-. 
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formly.  And  fince  the  Defcent  of  Water  coming  from  different 
Heights  is  found  to  increafe,  by  the  foregoing  Tables  and  Accounts, 
in  a fubduplicate  Ratio  of  its  Height,  its  Rife,  and  alfo  Quantity, 
muff  confequently  decreale  in  the  fame  Proportion. 

T h u s,  to  invert  the  Terms,  if  an  Engine  throw  up  647  Pints 
of  Water  6 Foot  high,  through  a Pipe  of  an  Inch  Diameter,  the 
fame  Engine  will  not  be  able  to  throw  up  above  240  Pints  to  a 
Height  of  48  Foot,  through  a Pipe  of  like  Diameter.  But  as  the 
molt  exaft  Rules  that  can  be  given  in  Theory,  will,  in  all  Proba- 
bility, fall  fhort,  and.,  perhaps,  wide  of  the  Truth,  when  reduced 
to  Practice,  I have  with  fome  Difficulty  procured  (from  fome  of 
the  moft  eminent  Places  in  England,  where  Engines  are  made,) 
Account  of  the  Bore  of  their  Pipes,  the  Diftance  the  Water  is 
carry’d,  and  the  Height  to  which  it  rifes;  becaufe,  farther  than  yet 
mentioned,  the  impulhve  Force  of  an  Engine  (notwithftanding  En- 
gineers now  put  two,  three,  or  four  Regulators  to  it)  is  alternate, 
or  in  fome  other  Degree  intermiffive  5 which  is  the  Occafion  that 
Engines  will  by  no  Means  yield  the  fame  Quantity  of  Water,  as 
Relervoirs  or  Springs  (whole  Motion  is  regular  and  uniform)  will- 
And  this  Account  will,  in  a great  Meafure,  explain  the  Effedl  of 
every  particular  Kind  of  Engines,  and  how  preferable  they  are,  in 
many  Circumifances,  m nnp  anmhe r. 


CHAP.  XXXII. 

Of  Friftion,  its  Etymology,  and  the  Effect  it  has  on  Pipes  of 

Condutt,  & c. 

FRittio,  a Subftantive  of  Frtco,  has  its  Derivation,  as  fome  will 
have  it,  from  the  Greek  of  Frigeo,  or  rather  (as  Schrevehus  notes 
it)  of frigo,  torreo,  torrefacio , to  heat,  make  warm,  burn,  and 
the  like;  from  whence,  fays  that  laborious  Author,  comes  £ 
l torrefaffio , frixio  vel  frittio  > and  Coles  in  his  little  Diffonary  will 
have  it  from  the  Greek  or  from  the  Hebrew ‘Pur,  which  tranf- 
lated  into  the  Latin  Language  fignifies  difrumpi , i.  e.  to  break,  rub 
chafe,  or  fret ; in  all  which  Senfes  it  may  well  be  taken,  as  it  im- 
ports  that  Letting,  Hindrance,  or  Stoppage  in  Fluids,  and  in  all 
Mechamck  and  Hydraulick  Motion,  occafion’d  by  that  Rubbing 
that  is  infeparabls  from  the  Laws  of  Motion  in  Engines,  &c,  13 


It 
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It  is  a Word  that  leems  not  fo  well  underflood,  at  leaft  not  here- 
tofore ufed  in  the  Senfeit  now  is,  as  whoever  will  give  himfelfthe 
Trouble  toinfped  Scapula, wd  other  ancient  Lexicons  and  Glojfaries , 
will  find;  tho’  there  we  find,  that  Celfus , Lib.  i.  makes  ufe  of  it, 
in  a Cafe  not  much  unparallel  to  the  Senfe  we  now  do,  when 
fpeaking  of  a Journey  he  had  taken,  fays,  in  ip fo  quoque  itinere  fre- 
quent Fridio  erat : But  the  learned  Merfennius , Gallilao , and  o- 
thers  have  ufed  it  in  a much  larger  Senfe,  in  their  Applications  of 
it  to  Mechanical  and  Hydroflatical  Calculations;  and  Wallis  is 
found  (tho’  he  has  not  defin'd  the  Word,  as  he  has  done  many  o- 
thers  in  thefe  Arts)  in  many  Places  of  his  Treatife  on  the  Axis  in 
! Peritrochio , to  ufe  the  Word  with  great  Freedom,  however  limi- 
ted the  fame  was  in  antient  Authors:  Let  me  fet  it  done  in  his 
own  Words,  Cap.  7.  ‘Prop.  3.  jfuse  hinc  oritur  fnttio,  impedit  quo 
minus  orbiculus , circa  axem  fuum  expedite  •volvatur  ; and  again,  a 
little  lower,  & quidem  eo  magis , quo  axis  major  eft  propter  majo- 
rem , propterea  friBicnem.  And,  to  conclude,  a little  farther  he 
fays.,  Et  propterea  ob  frittionem  fapius  repetendam  dijfcilms  move- 
bitur  roto  minor. 

And  from  thefe  Intimations  it  appears  to  be,  that  the  learned  Har- 
ris ^ in  his  Lexicon  Technicum , Voi.  i.Jub  titulo  F.  fays  of  it,  that  it 
is  a Word  often  ufed  by  Writers  on  JVlecUanicks,  for  the  Refiftance 
which  ariles  to  the  Motion  of  any  Engine  from  the  Matter  (and  I 
may  add  the  Shape  and  Size  of  the  Wheels,  &c.)  rubbing  againfl: 
one  another,  and  againfl:  any  other  Body ; and  of  this  Refiftance, 
arifing  from  Fridion,  he  tells  us,  there  was  a large  Dilcourfe  printed 
in  the  Memoirs  of  the  Royal  Academy  of  Sciences  at  Paris  for  the  Year 
1699,  by  Monfi  Amonton , wherein  that  ingenious  Author  makes 
feveral  Experiments,  which  give  Rules  for  to  find  out  and  calcu- 
late Tables  of  this  Refiftance  arifing  from  Fridion.,  and  of  that 
which  is  the  Refult  of  all  that  Rubbing,  Chafing,  and  Stoppage  of 
Cords  ufed  in  Pulleys,  the  Subftance  of  which  fhall  be,  if  this  Book  can 
be  procured,  exhibited  in  its  proper  Place.  Returning  now  to  theFric- 
tion  that  is  in  Pipes,  wherein  it  muft  be  obferved,  that  later  Writers  on 
Hydroftaticks  have  ufed  this  Word  in  a more  extenfive  Manner,  than 
what  is  to  be  found  in  Gallilteo , Wallis,  and  others,  who  have  treat- 
ed of  Motion;  I mean  the  celebrated  Marriott  e,  who  by  fome  cu- 
rious Oblervations  has  found,  that  Water  in  Pipes  is  confiderably 
ftoppM  by  the  Friction  that  is  againfl:  the  Sides  of  them,  occafion’d, 
as  fome  will  have  it,  by  the  Vifcuofity  and  Cohaefion  of  the  Parti- 
cles of  Water  one  to  another,  which  being,  as  it  were  hook’d  to- 
gether, impede  and  hinder  each  other  in  their  Paflage,  efpecially  in 

great 
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great  Lengths,  of  which  whoever  reads  Tart  V.  ‘Difcourfe  i.  con- 
cerning Pipes  of  Conduit  in  Marriotte'  s elaborate  Treatife  of  Hy- 
droftaticks,  may  be  more  particularly  inform’d. 

N o w,  as  from  hence  it  chiefly  comes  to  pafs,  that  Water  that 
pafles  a great  Way,  and  from  a Spring-Head,  as  it  were  naturally, 
never  rifes  well  to  its  own  Level,  how  much  foever  may  (to  the 
Diladvantage  of  young  Hydroftaticians  have  been  fa  id  to  the  con- 
trary, it  will  not  be  improper,  in  the  Courfe  of  this  Chapter,  tocon- 
fider  fomething  of  the  Method  for  the  Determination  of  this  Fricti- 
on, or  the  Refiftance  that  is  in  the  Paifage  of  Water  through  long 
Trails  of  Land,  and  in  narrow  Tubes,  the  Velocity  of  which  is 
flopp’d  by  this  Fridion;  for  the  Dilcovery  of  which,  take  the  fol- 
lowing Experiment,  as  we  have  it  from  Marriotte  aforefaid. 

Let  A BCD  {Fig.  i.  Tab.  feq .)  be  a Pipe  of  6 Inches  Dia- 
meter, and  6 Foot  high ; the  Pipe  C E is  3 Inches  Diameter,  and 
the  Pipe  FG  1 Inch:  Three  Holes  were  made  at  the  Points  HI L, 
that  at  H was  2 Lines  wide,  that  at  I 4 Lines,  and  the  laft  at  L was 
8_ Lines  wide:  In  the  other  Branch  F G,  the  Holes  KNM  were 
difpoled  after  the  fame  Manner,  in  refped  of  their  Nearnefs  to  the 
Tube  ABCD.  The  Pipe  A D being  full,  the  Operator  let  the  Wa- 
ter fpout  fucceffively  through  the  three  Holes  H I L,  the  other  ftill 
continuing  fhut:  the  jet  at  L.  rotb  the  higheft,  being  the  wideft  • buta 
narrow  caufesa  confiderable  Fridion  that  retards  the  Velocity  of  the 
Water,  and  hinders  it  from  running  laft  enough  to  ffipply  the  Adjutage. 
But  in  the  Holes  H and  K,  as  the  Velocity  thro’  the  Pipe  is  7 6 
Times  lefs  than  when  the  Water  goes  through  LandM,  the  Fric- 
tion in  the  narrower  Pipe  is  inconfiderable,  and  does  not  fenlibly 
retard  the  Jet  K more  than  the  Jet  H,  and  they  both  rife  pretty- 
near  to  the  fame  Height.  It  follows  likewife,  that  if  you  diminifh 
the  two  Holes  I and  N,  for  Example,  each  of  them  a Line,  then 
the  Jet  through  F will  not  rife  fo  high  as  it  did,  and  that  through 
N will  rife  higher , becaufe  there  will  be  lefs  Fridion  in  the  Pipe 
F G,  that  overcomes  the  Defed  from  the  Air’s  Refiftance;  and  in 
the  Pipe  C E,  this  Diminution  of  Fridion  will  not  be  confiderable 
but  the  Refiftance  of  the  Air  will  be  a little  greater,  than  in  that  of 
4 Lines;  and  this  it  is  that  has  deceiv’d  a great  many  Perfons,  that 
have  made  their  Experiments  in  narrow  Pipes,  as  F G,  and  they 
have,  with  the  greateft  Part  of  the  Fountain-Makers,  concluded 
that  Water  role  higher  through  narrow  Adjutages,  than  through 
wtde_  ones,  which  is  contrary  to  Reafon  and  Experience,  provided 
the  Pipe  of  Condud  be  not  too  narrow,  that  is,  to  fupply  them. 
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The  fame  Thing  happens  when  the  Adjutages  are  6 or  7 Inches 
long,  or  even  2 or  3 Foot,  die  Jet  will  be  higher  through  a plain 
Hole  in  a Plate,  not  above  a Line,  or  a Line  and  a halt' thick,  the 
Experiment  will  (according  to  Marriotte ) be  eafily  made : If  yon 
have  a Pipe  of  6 or  7 Inches  Diameter,  as  A BC  D,  Fig.  2.  and  in 
the  Pipe  EF  of  a fufficient  Bore,  2 equal  Holes  be  made  at  G and 
H,  the  firft  having  the  Adjutage  GI,  and  the  other  only  the  Thick- 
nefs  of  the  Metal ; for  you  will  fee  the  Jet  through  H will  go 
much  higher  than  through  G I ; and  the  more  you  diminilh  the 
Height  of  I G,  the  nearer  will  its  Jet  rile  to  that  of  H;  whence 
it  follows,  that  the  long  Adjutages  that  are  put  to  the  Mouths  of 
Dolphins  in  Fountains  are  very  defeftive. 

And  tho’  the  Adjutages  fhould  be  a little  conical,  the  Jet  will 
ft  ill  be  retarded ; concerning  which  take  the  following  Experiment: 
A Glafs  Pipe,  a Foot  in  Height,  and  an  Inch  Diameter,  having  a 
Hole  of  two  Lines  and  a half,  fpouted  only  ten  Inches  and  a half 
high,  when  there  was  a little  Cone  in  it;  but  when  it  was  made 
without  a Cone,  it  fpouted  eleven  Inches  and  a half;  which  ought 
to  be  a.  good  Dire&ion  to  thofe  that  make  Adjutages  or  Spouts  to 
Fountains,  not  to  contraft  them  at  Top,  as  many  do,  but  to  make 
them  exadly  cylinderical ; nor  likewife  to  contraft  the  Termina- 
tion of  the  Pipes  nfCondu£l  all  at  once,  but  by  Degrees,  and  in  lucfl 
a Manner,  that  the  Fri&ion  may  be  as  little  as  poffible;  fince  ’tis 
his,  that  by  all  the  Experiments  which  have  been  made,  that  caufes 
that  Friftion,  which  deprelfes,  inftead  of  forwarding,  the  Rifmg  of 
the  Jets,  and  Palfage  of  Water  in  Pipes. 

To  trace  all  the  Experiments  that  are  and  may  be  made  to  de- 
monftrate  this  FriHion,  would  be  a Work  of  itlelf,  and  entirely  be- 
yond the  Room  I can  allow  in  this  Treadle;  becaule  a Multitude 
of  Examples  would  rather  puzzle,  than  inftrutt  any  Learner  in  the 
Practice  of  Hydroftaticks  and  HydraulicksJ  for  which  this  Delign 
is  chiefly  calculated ; nor  indeed  can  the  Experiments  that  are  made 
in  fmall  Cafes  have  their  full  Weight  in  larger,  it  being  found,  (as 
has  been  already  hinted  in  the  Preface)  that  Marriotte  ^oes  not  al- 
low enough  for  the  Decreafe  of  the  Velocity  of  Water  through  a long 
Pipe  of  Conduct;  all  which  having  been  foamply  laid  down  in  the  Pre^ 
face,  I need  not  repeat  it  here  again ; but  that  this  Friftion  is  nearly 
in  Proportion  to  the  Length  that  it  runs,  rather  than  to  the  Friftion 
that  is  again!!  the  Side  of  the  Pipes;  nor  is  it  indeed  an  eafy  Matter  to 
diftinguifh  from  which  of  the  Caufes  it  is,  that  this  Velocity  of  Water 
is  dropp’d,  whether  from  FriHion  or  the  Cohasfion  of  watery  Parti- 
es one  to  another,  or  from  the  Refinance  that  is  in  Air,  which 

poiTeffes 
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polTcffes  itfelf  of  all  Vacuities,  and,  till  it  is  expdl’d  by  the  greater 
Force  oi  Water,  mull  occafion  a confiderable  Refiftance  thereto,  as 
the  Noile  and  Roaring  of  Water  in  Pipes  do  fufficiently  demonftrate. 

/here  is  alfo  another  Reafon,  why  it  is  not  fo  eafy  to  deter- 
mine the  Rationale  of  Friflion  by  the  before-mentioned  Experiments 
and  which  is,  That  a little  Thread  of  Water  finds  more  Refiftance 
(efpecially  in  open  Air)  at  its  firil  coming  out,  than  great  Jets  do; 
as  fmall  BuLets  or  Shot,  tho’  fhot  out  of  the  fame  Piece,  will  not 
reach  lo  far  as  large  ones.  And  there  is  yet  another,  which  proceeds 
from  the  different  Impulfe  or  Force  of  Water  from  Engines  or  Re- 
fervoirs  of  different  Heights.  All  which  Circumftances,  I fay,  produce 
different  EffeHs,  as  the  Caufes  are  different.  But  be  this  Decreafe 
of  the  Velocity  of  V ater  from  what  Caufc  it  will,  the  Table 
that  will  be  by-and-by  inferred,  corroborated,  and  explain’d,  as  it 
will  be  Irom  real  Facts  in  larger  Cafes,  will  be  as  near  the  Truth 
as  can  be. 

It  will  be  lufficient,  in  Addition  to  what  has  been  laid  on  this 
Head,  to.  add,  that  the  Refiftance  of  Air,  and  the  other  Caufes  be- 
fore-rnentio  ed,  is  inch,  that  Water  (how  duly  ai.d  regularly  foever 
plac  d,  a -id  l ow  well  foever  adjufted  the  Pipes  of  e ouduft  and 
then  v ages  are)  will  nnr  rife  by  about  J or  f in  open  Air,  nor 
by  n m enclofed  Pipes  (where  the  Diftances  are  K vent)  fo  hMi 
as  their  original  Refervoir  or  Bafin.  ° 1 


Of  the  R r op  or  t ton  of  Conduct-Pipes. 

From  tftofe  curious  Cbfervations  that  Monfieur  Marriott e has 
made  at  Chantilly , and  other  Places,  and  from  large  Adjutages  and 
Pipes  of  Conduct,  it  appears,  and  may  be  taken  for  a fundamental 
Rule,  that  a Refervatory  of  52  Foot  high  ought  to  have  a Con- 
duct-Pipe of  3 Inches  Diameter,  when  the  Adjutage  is  6 Lines 
. and  that  the  Jet  will  then  rife  to  the  greateft  Height  that  it  omffit 
to  have.  43 

T o compare  the  Breadth  of  this  Conduct-Pipe  with  that  whi-h 
Refervatories  ought  to  have,  and  the  Breadth  of  Adjutages  the 
following  is  a proper  Rule,  fuppofing  that  the  Velocity  of  the’run- 
ning . Water  be  equal  in  both  Pipes,  and  that  there  be  no  more 
Fncfion  in  one  than  the  other : But  if  the  Number  of  Inches  ft- 
quadruple,  the  Seclion  of  the  Bore  of  the  Conduft  muff  be  four 
Times  greater  that  the  Velocity  of  the  Pipes  may  be  equal. 

Here  follows  the  Rule  as  it  is  eftablilhed  by  Mr.  Marriott - • 

Bb  * ' '^s 
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As  the  Number  of  Inches  which  one  Jet  gives , is  to  the  Number 
of  Inches  which  another  Jet  gives  ; fo  is  the  Square  of  the  Diameter 
of  the  Conduit -T  if  e of  the  fir  ft  ^ to  the  Square  of  the  Diameter  of 
the  Conduit -T if  e of  the  other. 

Example  : 

If  you  would  know  what  Diameter  you  mull  give  your  Con- 
du£t-Pipe  to  have  a Jet  ioo  Foot,  through  an  Adjutage  ol  12  Lines, 
you  muft  take  a Height  of  52  Foot,  as  above,  lor  your  Standard, 
which  through  an  Adjutage  of  6 Lines,  having  the  Pipe  3 Inches 
Diameter,  gives  8 Inches ; and  that  becaufe,  by  the  Table  of  the 
Heights  of  Jets,  the  Refervatory  of  a Jet  ol  100  Foot  ought  to 
be  133 1 ",  you  fay  then,  As  jv  is  to  133,  fo  64,  the  Square  of  8, is 
to  170 ; and  the  Square  Root  ot  170  being  pretty  near  31,  you 
fee,  that  a Refervatory  of  133  Foot,  through  6 Lines,  will  give  13 
inches,  and  through  an  Adjutage  of  12  Lines,  52  Inches  ot  Wa- 
ter. Then,  as  8 is  to  52,  io  is  9,  the  Square  of  3,  (which 
the  Diameter  of  the  Pipe  ought  to  be,)  to  58,  whofe  fquare  Root  is 
7,  and  near  f,  which  will  be  the  Diameter  of  the  Pipe  that  was 
fought ; but,  for  greater  Security,  you  may,  fays  our  oft-quoted. 
Author,  give  it  8 Inches.  . . 

To  fum  up  all  that  has  been  laid,  and  to  adjuit  the  Prittion  we 
have  been  fo  long  difeourfing  of  in  this  Chapter,  the  general  Rule  is, 
that  Water  brought  a confiderable  Diftance,  lofes  * of  its  Velocity , 
or,  in  other  Words,  that  it  will  not  rife  fo  high  as  the  Spring- 
Head  is  by  | ; fo  that  if  the  Defcent  from  a Spring- Head  to  a Re- 
fer voir  or  Building  be  128  Foot,  you  are,  according  to  this  gene- 
ral Rule,  by  which  many  Plumbers  and  others  are  governed,  to 
divide  it  by  8,  and  the  Produce  will  be  i<5,  which  fhews  that  the 
Water  will  not  rife  fo  high  as  the  Spring-Head  by  16  Foot  ; and 
that,  confequently,  inftead  of  the  Water’s  rifingto  128  Foot  high,  it 
will  only  rife  to  112,  Foot,  16  Foot  being  allow’d  for  Fri&ion,  or 

the  Interpofition  of  Air,  &c.  t . . 

’T  1 s true,  where  the  Fall  of  Water  is  fo  great,  as  it  is  in  the 
aforegoing  Example,  there  will  be  little  Occalion  to  reafon  fo  mi- 
nutely concerning  the  FriCtion  that  is  to  be  allow  d . But  wheie 
the  Fall  is  not  above  8 or  10  Foot,  and  at  a great  Diftance,  ftis 
there  that  an  exa£t  Calculation  is  very  neceflary,  left  the  Owner  be 
difappointed  in  his  Labour  and  Expectation. 

According  to  lome  ol  the  Rules  before-mentioned,  the  natuidl 

Current  or  Fall  for  Water  muft  be  at  leaft  two  Foot  in  a Mile ; 

and 
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and  the  Diftance  here  being  fuppos’d  to  be  526  Yards  running, 
the  Queftion  is,  how  many  Inches  will  be  requilite  for  luch  a Cur- 
rent or  Dependance. 

See  the  Operation- 

If  1760  require  24  Inches,  what  will  $2 6 Yards  require? 

24 


2104 
1 172 

Inches. 

1760)  13624  (7  j-ffi 
1304 


And  the  Anfwer  is  7 Inches  and  near  Then  again,  to  de- 
termine the  Fri&ion,  fuppofe  that  the  natural  Fall  be  12  Foot  in  this 
Length  ol  526  Yards,  divide  the  12  by  8,  and  the  Produce  is  1 
Foot  6 Inches,  which,  added  to  the  2 Foot  natural  Fall,  makes  2 
Foot  1 Inch  and  f ; lo  that  12  Foot  is  much  more  than  fufficient, 
and,  it  you  will,  you  may  carry  your  Spring,  and  confequentlv 
your  Ref  Avoir,  higher:  And,  in  die  dr  ft  Cafe,  were  the  Fall  no 
more  than  ? , 4,  or  5 Foot,  fuch  Water  would  pafs. 

. B - 1 lfs  Allowance  of  f of  the  Height  of  the  Spring-Head  is 
in  gin  a!  Terms,  and  according  to  the  Rules  the  Plumbers  have 
efrablifh  d amongil  themfelves,  is  fuppos’d  to  be  fufficient  and  exaft: 
yet  by  the  curious  _ Experiments  of  Alarriotfe  and  others,  a more 
certain  Rule  for  Fridtion  may  be  eftablifh’d. 

That  ingenious  Author  produces  it  as  a certain  Rule,  That  the 
Difference  of  the  Heights  of  Jets,  or  he  might  have  faid,  in  other 
Words,  the  Defcent  of  Water  from  the  Original  or  Spring-Head 
to  the  Refervoir,  or  Place  affigifd  for  its  Ufe,  is  in  a fub duplicate 
Ratio  of  its  Height : And  tho’  it  is  certain,  that  this  Gentleman 
has  made  ufe  of  it,  to  demonftrate  the  Rife  of  Jets  of  Water  in  open 
Air,  which  has  doubtlefs  as  great,  or,  perhaps,  a much  greater  Ef- 
feft,  than  any  Friftion  in  inciofed  Pipes  ; yet  by  this  it  is,  that  we 
may  come  as  near  the  Matter  of  Faa  as  poffible,  and  be  more  cer- 
tain as  to  our  Calculations  on  this  Head. 

To  come  then  to  Example,  (vid.  Rag.  270.  of  Dr.  Ttefaguiliers’s 
1 lanllation,)  and  which  he  feems  to  eftablifh  as  a general  Rule,  up 
to  or  nearly  equal  to  the  Height  of  the  Spring-Head,  he  allows, 
that  a Refervoir  (which,  by  the  By,  ought  to  be  at  lead:  10  or  i< 
•Foot  Iquare)  that  is  5 Foot  t Inch  high,  will  raife  the  Water  5 

B b 2 Foot, 
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Foot,  and  fo  on,  in  a fubduplicate  Ratio  to  their  refpeftive  Heights  ; 
and  consequently,  that,  as  to  this,  it  is  but  one  Inch  abated  of 
what  it  would  rife  to  by  Nature;  and  purfuant  to  this  it  is,  that 
the-following  Table  is  calculated,  which  is  from  Rules  which  far- 
ther fhew,  that  if  a Spring  of  5 Foot  x Inch  in  Height  abates  only 
x Inch,  the  fame  Spring,  being  10  Foot  4 Inches,  will  abate  4 In- 
ches ; and  the  higher  you  go,  the  greater  will  the  Dilproportion  be. 

The  TABLE. 


The  Height  of  the 
Spring-Head. 

The  Height  the 
Water  will  rife  to. 

Foot. 

Inches. 

Foot. 

5 

I 

5 

0 

IO 

4 

IO 

0 

15 

9 

*5 

0 

21 

4 

20 

0 

27 

1 

25 

0 

33 

0 

3° 

0 

39 

1 

35 

0 

A ? 

\ 

T'-' 

51 

9 

45 

0 

58 

4 

5° 

0 

65 

1 

55 

0 

72 

0 

60 

0 

79 

1 

65 

0 

86 

4 

70 

0 

93 

9 

75 

0 

IOI 

4 

80 

0 

109 

1 

85 

0 

117 

0 

1 90 

0 

125 

1 

| 95 

O 

M3 

4 

| 100 

0 

And  this  is,  I think,  fufficient  as  to  the  Fri&ion  allow’d  for  the 
Defcent  of  Water  in  clofe  Pipes,  and  a Demonftration,  that  an  Al- 
lowance of  f can  be  no  certain  Rule  for  it.  What  remains  to  be 
obferved  on  this  Head  will  naturally  fall  in,  when  we  come  to  treat 
of  Jets  d'Eau. 


CHAP. 
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CHAP.  XXXIII. 


Of  the  fever al  Rules  in  Arithmetic^.  with  which  a Learner  in 
Hydro ftaticks  ought  to  be  informed. 

IT  is  of  great  Import,  in  order  to  the  better  undemanding  and 
calculating  of  Water-Works,  that  the  Learner  make  himfelf 
Matter  and  be  well  acquainted  with  the  feveral  Rules  of  Arith 
metick  following. 


- 1 “ Pafs  ^ Numeration, , Addition,  and  the  like,  becaufe  it  is 
luppoted  that  tew  are  unacquainted  with  thofe  Rules ; tho’  there  are 
others,  fuch  as  the  Rule  of  Three,  the  Rule  of  Falfe,  Square  Root 
very  necetTary  to  be  known  by  all  Hydroftaticians,  which  they 
may  be  at  a Lofs  to  comprehend,  tho’  well  skilled  in  many  other 

Aits  and  Sciences,  it  being  for  the  fake  of  fuch,  that  this  Treatif© 
is  cmefly  dehgned. 


, V^Ruk0ufThr  is  the  moft  Ufeful  of  any  fbat  belongs  to  Hy- 
dioflaticks , it  being  from  two  Numbers  known  that  a Third  which 

is  unknown  is  difcovered,  which  we  fhall  many  Times  have  Or 
canon  to  mention,  in  the  Courfe  of  this  Treatife. 


Suppo  se  then,  according  to  a general  Rule,  laid  down  in  the 
Expence  or  Coming-in  of  Water,  that  a Pipe  or  Spout  of  three 

“oTslout  'cl  WaKr  in  a what  win 


See 
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See  the  Example : 

Say,  as  9,  the  Square  of  3,  is  to  14,  fo  is  49,  the  Square  of  7,  to  a 
4th  Number  unknown- 

9 i4  49 

14 

196 

49 

9)  686  (76J 

61 

56 

54 

2 


And  the  Anfwer  is  76  Pints  % of  a Pint. 

Ofifc  Rate  of  t'atfe. 

The  Rule  of  Falfe  is  another  Rule  that  is  of  fome  Ufe  in  Hy» 
droftatical  Calculations. 

T h e r e is  a Ciftern  with  three  unequal  Cocks,  containing  60 
Gallons  ol  Water;  and' if  the  greateft  Cock  be  emptied  in  an  Hour, 
if  the  fecond  be  opened,  it  will  be  emptied  in  three  Hours,  &c.  Now 
it  is  demanded,  in  what  Time  the  Ciftern  will  be  emptied,  if  all 
the  Cocks  run  together- 

N o w,  as  the  Solution  of  all  Queftions  in  the  Rule  of  Falfe  are 
performed  from  a fuppofed  fiftitious  Number,  to  find  out  a real 
one,  let  the  Calculator  fuppofe,  that  the  Ciftern  will  empty  itfelf 
in  half  an  Hour’s  Time,  or  30  Minutes;  then  there  muft  empty  at 
the  greateft  Cock  30  Gallons,  or  one  half;  at  the  fecond  Cock  15 
Gallons,  or  one  Quarter ; and  at  the  leaft  10  Gallons,  or  one  Sixth; 
which  added  together  makes  55 : But  this  is  too  little  by  5. 

Say  then,  by  the  Rule  of  Three , if  5 <5  Gallons  be  expended  in 
30  Minutes,  what  Time  will  60  Gallons  take  to  run  out,  or  be  ex- 
pended in? 


See 
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See  the  Example : 

As  5 y is  to  30,  fo  is  60  to  a 4th  Number  fought  for.  . 

30 

55)  1800  (32  ft 

i65 

150 

no 

40 


So  that  the  Anfwer  is  32  Minutes,  and  fomething  more  than 
40  Seconds. 

I Shall  only  fet  down  one  Example  more,  from  the  ‘Double 
Rule  of  Falfe , with  which  I fhall  conclude  what  I have  to  obferve 
on  thefe  two  Rules,  and  the  Rule  of  Three , from  which  all  thefe 
Examples  are  deduced. 

A Veffel  holds  60  Gallons,  and  has  4 Cocks  to  it;  and  being 
fill’d  with  Water,  or  any  other  Liquor,  if  they  be  all  fet  open  at 
once,  the  Liquor  will  run  out  in  24  Hours  Time : Now  the  2d 
Cock  will  empty  as  much  as  the  firft,  during  the  fame  Time;  and 
the  3d  will  empty  three  Times  as  much  as  the  ift  in  the ’fame 
Time;  and  the  4th  will  empty  five  Times  as  much  as  the  firft: 
The  Queftion  is,  what  Number  of  Gallons  each  Cock  will  empty  ? 

The  firft  Thing  to  be  done  is  to  add  all  the  four  Numbers  to-  - 
gether,  thus: 

1 ft  Cock  1 Quantity. 

2d  Cock  1 equal. 

3d  Cock  4 Times  as  much. 

4th  Cock  5 Times  as  much.  . 


S Ay 


In  all  11 
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. s A Y,then>  if  Quantities  of  Water  in  the  Whole,  require 

qo  Gallons,  what  will  i require  ? 

ii  60  i 
i 

ii)  60  (5  ft,  the  Quantity  the  firft  Cock  empties,  which 
5 5 Quantity  alfo  the  fecond  Cock  empties. 

5 


Again;  If  11  requires  60,  what  will  4 require? 

4 


1 1 ) 240  (21ft,  theQuantity  the  3 dCock  mull  empty. 

ii 

20 

11 

9 


But  the  Integer  being  once  found,  the  whole  Sum  may  be  eafier 
found  out  in  the  following  Manner;  the  firft  Quantity  being  < \ 
the  Cafe  will  ftand  thus;  & 7 1 17 

Gallons. 

1 ft  Cock  will  empty  5 ftt 

2d  Cock  the  fame  5 ft, 

3 d Cock  4 T imes  the  Quantity  2 1 ft, 

4th  Cock  5 Times  as  much  27  ftt 

The  Fractions  added  together  make  22,1 

which  is  2 Times  the  Denominator  n>  60  o Anfwer 
and  fo  the  Addition  will  ftand  thus : 3 required. 


N.  B.X he  Queftions  before-going  will  be  ofconfiderable  Ufe,when 
we  come  to  treat  particularly  of  the  Coming-in  of  Water,  and  the 
Expence  or  Going-out  of  the  fame;  and  altho’  the  fame  might  be 
done  quicker  by  the  Rules  of  Algebra,  yet  as  that  is  a Science  un- 

metick  by  ^ * mVe  ch°fen  t0  ufe  this  phin  Me£hod  of  Arith- 


Of 
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Of  the  Square  Root , and  its  rOfes  in  Hydrojlaticks. 

The  Square  Root  is  likewise  a Rule  that  ought  to  be  well  un- 
flood  by  Hydroftaticians. 

Here  follows  a Table  of  the  Simple  Roots , with  their  Squares. 


Roots. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Squares. 

1 

4 

9 1 

1 6 

25 

36 

49 

64 

81 

For  Example,  let  576  be  a fquare  Number  required,  of  which  you 
are  to  find  the  Root : You  muft  begin  on  the  right  Hand,  and  make 
a Point  at  every  fecond  Figure,  and  then  it  will  Hand  thus: 

576,  the  Point  being  made  over  the  7. 

The  firft  Thing  I do  is  to  find  the  neareft  Square  to  5,  which  by 
the  Table  is  4. 

SubftrarT-  then  . 4 from  <{76, 

And  there  remains  176  and  the  Quotient  is  24. 

Look  again  into  the  Table,  and  find  the  neareft  Square  to  the 
Root  17,  and  you  will  find  it  to  be  4,  which  I place  in  the  Quo- 
tient, which  makes  24,  and  16  remains. 

After  this,  you  are  to  examine  if  the  laft  4 multiply^  by  itfelf, 
will  make  out  the  Number  16  which  remains,  which  you  will  find 

'nrwl}\  d°;  and  576  proves  to  be  an  exaft  fquare  Number* 

of  which  24  is  the  Root. 


Again,  fuppofe  you  were  to  find  out  the  Square  Root  of  any 
other  Number,  let  it  be  of  x 19025. 

, You  muft  firft  make  Points  either  above  or  below  every  other 
Figure,  beginning  on  the  left  Hand  thus,  1 1902  5 ; or  which  is  bet- 
ter, divide  them  into  three  ClafTes,  and  tlien  the  Figures  ftand 
thus:  11  | 90 j 25 


2 

11 


90 


25  (5 


9 


Cc 
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The  ad  Operation  then  is  to  find  the  neareft  Square  of  11, 
which  is  9,  and  that  9 dedu&ed,  the  Sum.  ftand  thus : 9 

for  the  two  next  Divifions.  290 1 25 

The  third  Operation  is  in  this  Form : 


2 

3 

54 

2s-  (34 

II 

90 

9 

*4 

11  90  35  (34 
9 

6 ) 290 


In  the  fourth  Operation,  the  whole  Quotient  34,  being  doubled, 
makes  68,  and  will  be  a new  Divifor,  to  be  put  under  the  left 
Hand  Figure  2,  after  this  Manner:  119025  (34 

9 


2 

3 

54 

25-(?4 

ZI 

90 

9 

64 

8 

64)  290 
25  6 

34 


The  left  Hand  Figure  6 of  this  Divifor,  fince  it  can  be  had  In 
34  five  Times,  thi*  «« w Quuu'enc  5 is  joined  to  the  former  behind 
the  crooked,  and  is  alfo  fet  down  under  5 in  the  vacant  Place  of 
the  Claflis;  fo  that  the  Operation  ftand  s thus : 


3 

54 

90 

64 

* i 


2? 

85 


(34? 


” 9?  35  (345 
9 

64)  290 
256 


2 

11 

9 


685)  03425 
342  5 


of  Hydroftaticks  and  Hydraulicks;  379 


CHAP,  xxxiv. 

Of  feveral  Weights  and  Meafures  neceffary  to  he  known  for  the 
better  explaining  the  Divifion } Difiribution , and  Expence  of 
Water . 

FO  R the  better  Calculation  of  the  Quantity  of  Water  coming  from 
Engines  and  Springs,  and  the  Expence  thereof,  in  Fountains,  Cas- 
cades, and  the  like,  it  will  be  neceffary  to  fetdown  the  following  Ac- 
count with  ttie  Addition  offuch  Tables  of  Weights  and  Meafures,  as 
are  ftatutable  and  cuftomary  in  England , and  which  moft  nccelfarily 
belong  to  this  praftical  Treatife;  which,  when  compared  with  thole 
of  France , the  Learner  may,  with  the  more  Certainty,  compare 
and  adjuft  thofe  which  Marriotte  and  others  have  made  Ufe  of  is 
their  Hydroftatical  Calculations- 

That  ingenious  Gentleman  and  his  Reverend  Tranflator  tell 
* us,  that  with  them  in  France  a cubick  Foot  of  Water  weighs  70 
Pounds  French , (i  e.  65  f Engltjb)  ana  cuiiLalns  3 5 Pints  'Paris 
Meafure;  but  by  this  it  is  plain,  neither  their  Weights  nor  Mea- 
fures are  the  fame  with  ours ; for  it  has  been  proved,  by  undoubt- 
ed Experiments,  that  a cubick  Foot  of  Water  Englijh  weighs  76 
Pounds  Troy  Weight,  but  of  Averdupots  but  62  lib.  : And  in  this 
Account  they  tell  us,  that  70  lib.  contains  36  Pints  Paris  Meafure, 
when  filled  up  to  the  Brim,  (which  mult  be  near  equal  to  fo  many 
Quarts  English ;)  but  if  the  Water  (fay  they)  riles  above  the  Brims 
of  the  Velfel  before  it  runs  over,  the  French  Pint  (about  our  Eng- 
lish Quart)  will  weigh  (as  before)  2 Pounds,  and  35  fuch  Pints  only, 
will  be  contained  in  a cubick  Foot.  Now  here,  in  like  Manner,  it 
is  apparent,  that  they  differ  from  us ; for  il  half  a Pint  French 
weighs  1 Pound,  as  their  Authors  intimate,  il  it  be  compar’d  with 
our  T roy  Weight,  it  is  too  little,  if  with  our  Averdupots , too  much. 
It  being  found  from  the  fame  careful  Experiments,  as  before  mention- 
ed, that  a cubick  Foot  of  Water  Averdupots  is  62  lib.  9 oz.  AVI, 
or  76  Pound  Troy.  But  I lb  a 11  chufe  to  make  ufe  of  Averdupois 
Weight  in  all  my  Calculations,  rather  than  Troy ; for  tho’  moft  Li- 
quids that  are  fold  are  weigh’d  by  Trey  Weight,  yet  as  the  Aver- 
dupois is  the  molt  general  Weight  now  made  ule  of,  and  as  its 
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Tables  are  the  moll  agreeable  to  my  prefent  Purpofe,  when  I lay 
Pounds,  or  any  other  Number  or  Quantity  of  Weight,  I mean  that 
of  Averdupois ; and  when  I make  ufe  of  any  Quantity  of  liquid 
Meafures,  I mean  that  of  Ale. 

But  if  any  one  is  fo  curious  as  to  have  his  Account  in  Troy  Weight, 
it  is  proper  he  fhould  know  from  the  ingenious  and  very  careful 
Experiments  of  Dr  IVy  beard  and  others,  that  14  Pound  Averdu* 
pots  is  equal  to  17  Troy.  To  reduce  the  one  to  the  other,  lay  then, 
by  the  Rule  of  Three, 

If  14  Pound  Averdupois  be  equal  to  17  Pouud  Troy , how  equal 
is  125  Pound  to  any  Number  unknown  ? Anfwer  151  If. 

See  the  Example. 


14  : 17  ::  125 

21 

, V I25 

*4)  2125  (i*i  ii 

72 

II 


By  which  it  appears  that  125  /.  Averdupois  is  equal  to  151  lib.  i % 
of  Troy. 

T o proceed  with  the  ingenious  Marriotte  and  his  Tranflator, 
we  are  by  them  inform’d,  that  a Paris  Muid  or  Barrel  contains 
280  French , (about  280  Quarts  of  England ) or  288,  if  the  Water 
is  fill’d  up  to  the  Brim,  (which  it  ought  to  be.)  Now  this  like- 
wife  feems  difagreeable  to  our  English  Meafures ; nor  is  our  Eng - 
lijb  Hogfhead  (as  will  appear  by  and  by)  equal  to  the  Muid,  which 
I beg  Leave  to  explain,  becaufe  of  the  Difficulty  and  Uncertainty 
that  may  be  in  the  Way,  when  we  come  to  calculate  and  compare 
Jets  d'Eau , and  theExpencc  of  Water  from  Engines,  or  otherwise, 
I mean  thole  of  England  with  thole  of  France. 

T o reconcile  thofe  two  Meafures  together  with  the  moreExafl- 
nefs,  it  is  to  be  noted  from  Sir  Jonas  Moore , and  others  of  good 
Note,  in  their  Companions  of  Foreign  Meafures  with  the  Englifh , 
that  the  French  Ounce  is  to  ours  (and  which  jlhall  be  the  Standard 
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from  whence  we  make  all  our  Calculations  and  Tables,)  as  93  is 
to  100,  by  which  it  will  in  its  proper  Place  appear,  that  the  ‘Paris 
Muid  is  not  equal  to  our  English  Hogfhead. 

N o w-  to  find  the  true  Proportion  between  French  and  English 
Meafures,  if  14  Pints  French  (28  Englijh)  contains  2 6 Pounds, 
and  in  14  Pints  Englijh  there  are  contain’d  17  lib.  i Averdupois , and 
fomething  more,  (which  it  appears  to  do,)  then  the  Difference  be- 
tween thofe  two  Meafures,  by  doubling  the  17 , and  26  in  order  to 
avoid  Fractions,  is  as  about  36  to  52. 

I f therefore  a circular  Hole  of  Water  of  an  Inch  Diameter  give 
14  French  Pints  in  a Minute,  how  many  English  Pints  will  it  give 
in  the  fame  Time;  and  becaufe  it  will  give  more  Englijh  than,., 
French , ftate  it  thus : 

36  : 52  ; : 28 

52 

56 

140 

— Anfwer. 

36)  1456  (40  neari. 

1 6 


And  fo  many  Pints  English  will  a circular  Hole  of  an  Inch 
Diameter  give,  at  the  fame  Time  that  it  gives  28  Pints  French , 
(or  about  28  Quarts  Englijh)  Let  36  : 52  be  then  the  Proportion. 

Again,  if  a Pint  French  of  Water  (about  a Quar  t Englijh')  weighs 
1 lib.  I Englifhy  then  288  Pints  of  the  lame  Meafure  will  make  504 
Pounds  Englijh)  andfo  many  Pounds  English  a IP aris  Muid  holds,  and 
confequently  the  Proportion  between  the  Englijh  Ale  Hogfbead  and 
the  Taris  Muid  is  as  6<$ 4 to  504,  654  Pounds  Englijh  being  the 
Contents  of  Englijh  Pounds  in  a Hogfhead,  as  504  Englijh  Pounds 
are  in  a French  Muid  : If  therefore  an  Inch  of  Water,  or  in  other 
Words,  a circular  Hole  of  an  Inch  Diameter,  give  72  Taris  Muids 
or  Barrels  in  24  Hours,  how  many  Englijh  Hogfheads  will  it  give  ? 
Anfwer,  55  Hogfheads,  and  about  30  Gallons. 


L FT 


382  An  Introduction  to  a General  Syftem 


Let  the  Cafe  be  thus  Rated, 

654  : 504  ::  72 
72 


1008 

!$28 

— Hogfh. 

654)36288  (55  iff  about  30  Gallons. 
3588 

318 


I n like  Manner  may  we  (with  the  Obfervations  made  by  TV Mis 
and  others)  find  out  the  Proportion  that  our  English  cubick  Foot 
has  to  the  French.  The  fame  learned  Author,  in  Prop.  XI.  Cap.  14. 
Fag.  728.  of  his  Mechanical  Ejjfay , faying,  that  upon  a careful  Ex- 
amination, he  had  found  the  'Paris  Foot  to  exceed  ours,  as  14 1 is 
to  1 3 1 (or  rather  as  29  to  27,  the  Mercury  in  the  Barometer  rifing  but 
27  Inches  French  to  29  English ,)  he  might  as  well  have  fa  id,  as 
14  is  to  13,  or  15  to  x^  -,  or  as  the  ingenious  Tranflator  of  Mar - 
riotte  has  it,  as  16  is  to  15;  fo  that  the  cubical  Content  of  the 
French  Foot  is  to  that  of  England  as  4096  is  to  337$;  which  is  al- 
fo  what  Monfieur  Marriette , in  his  practical  Rules  for  Jets  d’Eau , 
j?ag.  263.  fets  down,  where  he  tells  us,  that  a cubick  Foot  Paris 
Meafure  of  Water  weighs  70  Pound  French  or  65  A Englijh,  then 
in  a Foot  folid  Englijh  there  are  62  lib.  9 oz.  fo  that  the  Propor- 
tion between  the  French  Foot  and  the  Englijh  is  near  as  62  to  65, 
or  nearer,  as  the  Square  of  15,  which  is  3372,  (not  3528,  as  is  by 
Miftake  in  Marriott e)  is  to  4096,  the  Square  of  16. 
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In  256  cubick  Feet  French,  how  many  cubick  Feet  English ? 

French.  Englifli.  . , , 

Say,  as  3375  is  to  4096,  fo  is  2 0 to  the  Content  requira. 

256 

24576 

20480 

8192 

3375)  1048576  (3 i°fif f » 

3607 

2326 


Having  thus  adjufted  the  Method  of  comparing  of  feme  of  the 
French  and  Englifh  Meafures  together,  it  will  be  neceffary  to  take  a 
View  of  thofe  that  are  purely  Englifh,  and  from  thence  draw  out 
fuch  Tables,  as  may  complete  the  reft,  fo  as  to  be  of  Ufeto  the  pre- 
fent  Purpofe,  with  their  refpeftive  Weights,  cubica  Contents, 

Nor  let  it  be  thought  that  thefe  are  neediefs  Speculations,  ince  „ 
willbc  denionftrabie  enough  in  the  Courfe  of  thisTreatue,  tnat  tne 
Weights  and  cubical  Contents  of  all  Fluids  in  all  its  various  Cir- 
cumftances,  efpeeially  Water,  is  one  of  the  moft  ufeful  Parts  of 
Knowledge,  that  belongs  to  praftieal  Hydroftacy,  and  without 
which  indeed  all  the  Theory  of  it  would  be  ufelels  and  inftgnificant. 

This  being  premifed,  it  will  be  requifite,  in  the  next  Place,  to 
proceed  to  the  Work  itfelf,  I mean  that  of  Englifh  Weights  and 

^fjMeafures  of  Capacity,  (fays  the  ingenious  Mr.  Ward,  in 
his  excellent  Treatife  of  Arithmetic!*,)  both  liquid  and dlJ;  weie 
at  firft  made  from  Tray  Weight,  {Vtd.  the  Statute  of 
<iHen.lll.  and  12  Hen. YU.  Vc.)  where  it  was  enafted,  that 
eight  Pounds  Troy  Weight  of  Wheat,  gather  d out  of  the  Middle  of 
the  Ear,  fhould  make  one  Gallon,  and  that  there  fhould  be  but  one 
Meafure  for  Wine,  Ale,  and  Corn  throughout  this  Realm,  (as 
VuL  the  Statute  of  17  Edw.Wl.  and  15  but  Time  and 

Cuftom,  fays  this  ingenious  Author,  has  alter  d Meafures  as  well 
as  Weights,  and  perhaps  for  the  fame  Reafon , there  being  now 
three  different  Meafures,  one  for  Wine,  one  for  Ale  and  Beei,  and 
another  for  Corn, 
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The^  common  Wine  Gallon,  by  which  Wine  and  Brandy,  and 
other  Liquors,  are  meafur’d  and  fold,  are  fuppos’d  to  contain  231 
Cubick  Inches,  and  fhould  hold  of  pure  Rain,  or  running  Water 
eight  Pound  one  Ounce  and  eleven  Drams,  as  the  very  ingenious 
and  curious  Sir  Jonas  Moore , and  others,  have  obferv'd,  and 
that  is  in  Averdupois  Weight,  and  nine  Pound  one  Ounce  one 
Drain  in  Troy  Weight;  therefore  to  get  a true  Wine-Gallon,  make 
a fquare  Veffel,  that  fhall  have  all  the  Squares  and  Depths  fix 
Inches  thirteen  hundred  Parts  of  an  Inch;  or  if  you  weigh  with 
Averdupois  Weight,  eight  Pound  one  Ounce  eleven  Drams  of 
pure  running  or  Rain  Water:  Either  of  thefie,  fays  this  great 
Obferver  of  Meafures,  will  find  out  a true  Gallon  Wine-Mea- 
fure. 

But  Dr.  JVybeard \ in  his  Treatife  of  Te&ometry,  Page  2S9. 
does  fuppofe  the  Wine-Gallon  to  contain  but  z 24  Inches,  or  225 
at  moftj  and,  purfuant  to  this,  Mr.  Ward  tells  us,  that  two  very 
eminent  Surveyors  in  the  Excife  made  a very  careful  Experiment 
in  a particular  Veffel  made  for  that  Purpofe  before  Mr.  Flamjlead 
and  Mr.  Halley  which  confirm’d  what  Dr.  Wy  beard  had  fet  down 
before. 

In  and  about  London  there  are  Diftin&ions  of  Beer  and  Ale, 
though  not  very  widely  different  from  each  other ; but  in  all  other 
Parts  of  England  the  following  Tables  of  Beer  or  Ale,  whether 
ftrong  or  fmall,  are  to  be  obferv’d,  by  a Statute  of  Excife  made 
Anno  1689.  with  this  Difference,  that  the  Firkin  of  Beer  contains 
nine  Gallons,  and  confequently  the  Kilderkin  eighteen  Gallons  • 
the  Barrel  thirty  fix,  and  the  Hogfhead  feventy  two ; but  in  the 
Meafure  which  I have  chofe  rather  to  make  ufe  of,  to  wit,  Ale 
the  Firkin  is  but  eight  Gallons,  the  Kilderkin  fixteen,  the  Barrel 
thirty  two,  and  the  common  Hogfhead  fixty  four  Gallons. 

The  Gallon  for'  Ale  and  Beer  holds  two  hundred  and  eighty- 
two  Inches  folid,  and  weighs  of  pure  Water  ten  Pounds,  three 
Ounces,  ME , about  feven  Drams ; therefore  a fquare  Veffel  made 
to  prove  the  Truth  of  this  Gallon  ought  to  be  fix  Inches,  and  H 
Parts  of  an  Inch  each  Way,  and  the  Weight  ten  Pound,  three 
Ounces,  forty  Parts,  Averdupois 3 as  before* 
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Here  follows  a Table  of  fuch  Meafures,  with  the  Weights  and 
Cubical  Contents  of  each  Veffel,  as  neat  as  it  is  polfible  fuch  Cal- 
culations jfhould  be  made,  being  Averdupois  Weight. 

The  TABLE. 


Cub.  Inch 

ft  § 3 

1 4 7 

1 

Pint  * 

OO 

to 

1038 

8 

I 

Gall. 

2 2 5 6 

8l  12  0 

64 

82 

I O f irk. 

4512 

163  40 

128 

64 

1 6 2;  I told. 

902  a 

327  OO 

2^6 

128 

32  4 2 1 Bar] 

18048 

6tj4  0 0 

512 

256 

64  842  I \Hogr, 

The  Ufe  of  this  Table  is  fo  obvious,  that  I need  not  enlarge 
upon  it,  but  fhall  only  obferve,  that  18048  Cubick  Inches  are  "con- 
tain’d in  one  Hogfhead,  and  that  the  fame  weighs  454  Pound. 
Now  the  Cubick  Inches  being  reduc’d  into  Feet,  produce  fomething 
more  than  107  Cubick  Feet;  and  the  454  Pound  reduc’d  into  hun- 
dred Weights,  produce  four  hundred  and  fix  Pound,  and  fo 
many  hundred  Weight  are  in  a Hogfhead  Englifft. 

Before  I quit  this  Chapter,  it  is  proper  to  let  down  from  the 
curious  Experiments  of  Dr.  JVybeard. , and  others,  that  one  Ounce 
of  pure  Running  or  RainWater  Troy  will  fill  1.  8949  Inch,  and 
one  Ounce  Averdupois  1. 72556  Inch  ; one  Pound  troy  will  fill 
22.7368  folid  Inches,  and  one  Pound  Averdupois,  27.609  folid  In- 
ches. One  Foot  folid  will  hold  76  Pound  troy,  and  fixty 
two  Pound  500,  as  before,  Averdupois.  " y 

Here  follows  a Table  for  the  converting  folid  Inches  into  Weight 
of  Water  Averdupois.  The  Table  N°  I.  turns  folid  Inches  of 
Water  into  Ounces  Averdupois,  and  the  Table  NT  II.  turns  Oun- 
ces Averdupois  of  Water  into  folid  Inches,  and  are  the  Calcula- 
tions of  that  excellent  Mathematician  Six  Jonas  Moore  before  men- 
tioned. 
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N°  I.  N°  II. 


Inches  and  Parts. 

1 

i-  72555 

2 

3.  45112 

3 

5.  17668 

4 

6.  90224 

5 

8.  62780 

6 

10.  35356 

7 

12. 07892 

8 

13.  80448 

9 

15.  53004 

Ounces  Aver. 

I 

0.  59522 

2 

1.  159044 

8 

1.  738566 

4 

2.  3x3088 

5 

2.  897611 

6 

3‘  4 771 3 3 

7 

4.  056655 

8 

4.  636177 

9 

5.  2x5699 

Example*.  In  an  Ale-Gallon,  282  folid  Inches,  how  many  Ounces 

Averdupois. 

Answer,  163.426  Ounces,  or  16  Pound,  3*42o  Ounces. 

By  the  Table  N°  I. 

aoo — 1 x 6 

80—  46.36x776 

2—  I.X59044 

In  all  163.426 

So  in  500  Ounces  of  Water  there  is  86 2 folid  Inches  by  Table 
N°  II.  and  in  a Foot  folid,  there  will  be  anfwering  1728  Inches, 
6 2 Pound,  9.  414  Ounces. 

The  neareft  Proportion  in  Troy  Weight,  that  36  folid  Inches 
will  hold,  is  19  Ounces  Troy  of  Water,  and  one  Pound  Troy  of  Wa- 
ter will  fill,  as  before  recited,  22.7  368  Inches,  and  one  Pound  Aver- 
dupois 27.609  Inches. 

Hence  is  found  a very  good  Way  to  meafure  any  irregular  Body, 
that  by  no  mechanical  Art  can  otherwife  be  done:  Fill  any  Vefiel 
brim  full  of  Water,  and  then  dipping  in  your  Body,  receive  care- 
fully all  the  Water  that  runs  over,  and  weigh  it,  and  by  the  laft  two 
Tables,  turn  that  Weight  into  folid  Inches 5 otherwife,  if  yourVef- 
fel  be  regular  that  holds  the  Water,  obferving  the  Rifing  of  theWa- 
ter,  and  find  the  folid  Feet  or  Inches  anfwering. 
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But  more  to  our  prefent  Purpofe,  in  Hydroftaticks,  or  rather  Hy- 
draulicks,  let  it  be  required  to  know  the  Cylindrical  Weight  of 
Water  that  an  Engine  muft  drive,  the  Length  of  whole  Pipe  is 
1 500  Yards,  and  the  Pipe  itfelf  four  Inches  Diameter. 

To  find  the  Content  of  this  Pipe  at  the  End,  fay  as  14  is  to  n, 
fo  is  1 6,  the  Square  of  four,  to  the  Content  requir’d. 

EXAMPLE. 

34  : 11  ::  16 

1 1 

16 
1 6 

Inch. 

14)  176  (12  14,  or  f 

36 

8 


And  the  Anfwer  is  twelve  Inches,  and  a little  more  than  half  a 
one.  and  ib  much  is  in  an  Inch  hi  Length;  but  as  there  are  36 
Inches  long  in  a Yard,  I multiply  that  by  12  and  a half  in  the  fol- 
lowing Manner, 

36 
12  v 


4$o 

And  the  Anfwer  is  450  Inches  in  a Yard.  Now  by  the  Table  j 

Inch.  Ounces. 

400—  231.  3088 
50—  28.9761 

260. 6849 


In  all  260  Ounces,  6849,  or  Pound  6 AL  Ounces,  or  there- 
abouts ; but  that  we  reject  as  unneceiTary.  Dd  cl  2 Say 
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Say  we  then,  If  one  Yard  Cylindrical  of  Water,  in  a Pipe  of 
four  Inches  Diameter,  weighs  16  Pound  4 Ounces,  how  much  will 
1500  Yards  weigh?  Anfwer,  24375  Pound,  or  217  C.  71  ft. 
Weight,  befides  the  Friction j Refinance,  &c. 

But  becaufe  the  calculating  the  Cubick  and  Cylindrical  Weight  of 
Water  for  Square  Spouts,  and  circular  Jets  or  Pipes,  may  be  difficult 
and  tedious  to  the  Learner;  I have,  (to  finifh  this  Chapter)  fubjoin’d 
a Table  of  fitch  Meafures:  And  as  it  has  been  before  obferv’d,  that 
the  French  Ounce  (confequently  all  other  of  their  Weights)  are 
to  the  Englifh^  as  93  is  to  ioo,  fo  alfo  it  is  obfervable,  that  as  to 
Meafures,  the  Cubick  Foot  French  is  to  the  English , as  the  Square 
of  1 6,  which  is  4096,  is  to  the  Square  of  15,  which  is  3375  ; 
and  that  confequently  they  are,  in  Rel'pefl  to  each  other,  as  79  to 
65  Thofe  who  are  skill’d  in  Algebra  would  do  it  quicker;  but  to 
demonftrate  this  the  better  and  plainer, 

Let  it  in  the  firft  Place  be  requir’d  to  know,  That  if  a Foot  Cu- 
bick of  Water  French  weigh  69  Pound  12  Ounces,  (as  by  Ozanam's 
Tables  it  appears  to  do,)  how  many  Pound  English  does  it  weigh, 
fuppofe  the  English  Foot  were  of  equal  Dimenfion  with  the  French  ? 
Anfwer  79  Pound, 

EXAMPLE. 

93  : 100  : : 69  : 12 
1 6 


474 

69 

12 

1176 

100 

is 

93)  117600  (1264  (79 

246  144 

600  o 


420 

"Ts 


Rejecting  the  Fra&ion,  the  Anfwer  is  79  Pound.  But  as  the 
English  Foot  is  lefs  than  the  French , and  confequently  cotnains  a 

lelfer 
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leffer  Number  of  Pounds  in  Proportion  thereto,  even  as  4096  is  to 
337^,  fay  we  again, 

As  4096  is  to  3375,  fo  is  79  to  a fourth  Number. 

See  the  Operation: 

4096  : 3 37$  ::  79 
79 

30384 

23632 

4096)  266724  (65  AVs 
20944 

464 


By  which  it  appears,  that  the  Weight  in  Pounds  of  a Cubical 
Foot  French , is  to  the  Weight  in  Pounds  of  a Cubical  Foot  Englijb , 
as  79  is  to  65,  or  thereabouts  ; and  the  fame  holds  good  in  Cylin- 
drical Mcafure. 

To  come  to  Example  then:  Suppofe,  with  Marriott* , FFfc.  III. 
Rule  v.  y<sfgtf  135.  of  the  Tranflation,  that  a Column  of  Water  of 
twelve  Foot  high,  and  half  a Foot  Square  French^  weighs  210 
Pounds  French , how  many  Pounds  Englijb  will  twelve  Foot  of 
the  fame  Water  weigh  ? Now  fince  the  English  contains  a lefs 
Number  of  Inches  than  the  French  does,  fay, 

As  79  is  to  65,  fo  is  210  to  a fourth  Number  unknown* 


1050 

1260 

Anfwer. 

79)  i365°(I72  H 

-HI 

72 


And  purfuant  to  this  Proportion,  here  follows  two  Tables  of  the 
Cubical  and  Cylindrical  Weight  of  Water,  from  one  Inch  to  a 

Foot 
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Foot  fquare  or  circular,  taken  at  every  Yard  in  Length,  from  which 
may  at  one  View  be  feen  what  the  cubical  Contents, Weight,  and 
Quantity  of  Water  is,  that  drives  all  forts  of  Mill-Wheel;  and  alfo 
what  the  Cylindrical  Weight  of  Water  is  that  a Mill- Wheel  muft 
drive  at  any  determinate  Length  or  Number  of  Yards. 


A Table  of  the  Cubical  Contents  and  TV  eight  of  any  fquare  Jet } 
Spout,  or  Life,  Engl  ilia  Meafure  ; as  alfo  the  Cylindrical  IV eight 
of  the  fame  taken  at  every  Tard  in  Length. 


Cub.  in  1 
Inches  1 
Square.  1 

Averdupois 

Weight. 

Dft. 

in  Pounds,  j 

Cyliti.in 
Inches 
Square  •• 

Averdupois 

Weight. 

Dit. 

in  Pounds.  1 

Inch. 

Ounces:  Parts. 

Lib. 

Oz.  Parts. 

Inch. 

Ounces.  Parts 

Lib.' 

Oz.  Parts. 

1 

20  86279 

I 

4 86,  Dc. 

1 

16  34933 

I 

0 34,  Do 

\\ 

41  72558 

2 

9 72,  Dc. 

H 

32  49867 

2 

0 4 9,  Do 

2 

83  55116 

5 

3 55,  Do 

2 

6 2 50440 

3 

12  50,  Do 

2f 

125  17674 

7 

13  17,  Do 

2- 

98  35313 

6 

2 35b  Do 

3 

187  76511 

11 

11  76,  Dc. 

3 

147  52658 

9 

3 52,  Do 

L 

250  3534° 

15 

10  35,  Dc. 

3s 

196  37764 

12 

4 37,  Do 

4 

333  70^4 

20 

13  70,  Dc. 

4 

262  19621 

16 

6 19,  Do 

4 s 

417  25580 

if* 

t x y. 

-M 

5*/  045“+! 

a O 

7 84>  Do 

5 

521  56975 

3i 

9 56,  Dc. 

5 

409  80400 

25 

9 80,  Dc. 

57 

625  88370 

39 

1 88,  Do 

Si 

491  7657I 

34 

7 76,  Do 

6 

749  06064 

46  13  06,  Do 

6 

588  54782 

36 

13  54,  Dc. 

6£ 

876  23718 

54 

12  23,  Dc. 

62 

688  47207 

43 

0 47,  Dc. 

7 

1014  1 7^7 1 

64 

0 17,  Do 

7 

804  71027 

5o 

4 7L  Do 

7s 

1168  30594 

73 

0 30,  Do 

■7i 

917  94481 

57 

5 95,  Dc. 

8 

1335  21856 

83 

7 21,  Do 

8 

1049  10029 

65 

9 10,  Do 

84 

1502  12088 

93 

14  1 J,  Do 

84 

1180  23312 

73 

1223,  Do 

9 

1689  88529 

105 

9 88,  Do 

9 

1327  76750 

82 

15  76,  Dc. 

9\ 

1877  65110 

116 

1 65,  Dc. 

9* 

1475  11 570 

92 

3 11,  Dc. 

10 

2086  27900 

130 

6 27,  Do 

IO 

1634  21921 

102 

2 21,  Do 

IOt 

2294  90690 

143 

6 90,  Dc. 

I°f 

1803  13685 

113 

15  13,  Dc. 

1 1 

2524  39759 

1 n 

12  30,  Do 

1 1 

1912  02667 

119 

8 02,  Do 

Ilf 

2773  88828 

172 

1 88,  &c. 

111 

2163  29793 

135 

3 29,  Dc, 

12 

3004  24176 

187 

12  24,  Do 

12 

2317  61852 

144 

13  61,  Dc. 

The  Ufe  of  this  Table  is  fo  plain,  that  I need  not  enlarge  much 
upon  it;  for  fuppofing  you  have  760  Yards  of  Square,  or  in  this 
Place  we  will  rather  lay.  Circular  Pipe  of  feven  Inches  and  a half  Di- 
ameter, it  is  plain  that  a Yard  in  Length  of  Water  within  fuch  a 

Pipe 
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Pipe  weighs  fifty-feven  Pounds,  five  Ounces,  ninety-five  Parts . T his 
may  be  multiplied  by  760  \ but  becaufe  thofe  odd  Meafuies  and  bi ac- 
tions will  create  much  Trouble,  I have  chofe  rathei  to  multiply 
the  9x7  Ounces,  9548iParts,  by  75°  as  is  fhewn  intne  Example- 

Ounces  Parts 

917  95481 
760 

5507728860 

642568567 

. — _____  Pounds  Parts 

16)  69764565560  (43602  | 85347  Something  more  than 
^7  ‘ half  a Pound. 

9iL 

045 

85 


11 

76 

120 


CHAP.  XXXV. 


Of  'artificial  Fountains,  Jets  d’Eau,  Ef  c. 

AGreeable  to  what  has  been  before  treated  of,  thofe  who 
have  wrote  of  the  1 heory  and  Conduct  of  Watei  fot  Refei- 
voirs,  Fountains,  &c.  have  endeavoured  to  explain  th^mlelv^s  in 
about  twenty  Propofitions  5 which,  like  fo  many  Maxims,  ferye  for 
the  Foundation  of  all  that  can  be  laid  on  the  Rifmg  or  Spouting  or 
Water  in  Fountains  5 and  they  are  chiefly  thefe. 

n- — ' J Pd  nl). 
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.Prop. I.  That  Air  may  be  comprejfed , but  not  Water, 

Prop.  II.  That  Water  cannot  enter  into  a Vejfel,  but  there  mnft  come 
forth  as  much  Air , except  the  Water  be  fent  in  by  Force. 

Prop.  III.  From  whence  it  follows by  the  contrary  Reafonj  ( as  de 
Caus  has  it ,)  that  if  a Vejfel  be  full  of  Water,  it  cannot  be  emp- 
tied, fo  as  that  the  Air  J hall  not  enter  therein. 

Prop.  IV.  That  there  can  be  no  Vacuum , or  Space , entirely  devoid 
of  Matter  {though  there  may  be  a differs^  Vacuum ) in  the 
World. 

Prop.  V.  If  Air  be  prefed  into  a Vejfel  wherein  there  is  Water 
and  that  you  give  it  Rajfage  by  fome  Ripe,  the  fad  Water  J hall 
come  forth  with  Violence. 

Prop. VI.  That  W ater  weighs  upon  that  which  fuftaineth  it  according 
to  its  Height. 

Prop.  VII.  That  Water  naturally  a/rexiJs  to  tip  T r-vcl  of  the  Rlace 
from  whence  it  did  defend. 

By  thefe  and  fome  other  Propofitions  it  is,  that  the  Rife  of 
Water  in  Syphons,  Syringes,  Fountains,  &e.  are  demonft  rated, 
which  I fball  not  here  confider  feparately,  but  take  a fhort  View 
of  Air,  which  by  its  Gravity,  Elaflicity,  and  Impulfe,  agitates  Wa- 
ter and  other  Fluids  ; referring  my  header  for  his  fuller  Direc- 
tions in  this  Matter  to  thofe  Chapters  where  the  Gravity,  Elaflicity, 
ana  XmpuHe  of  Air,  are  more  fully  handled. 

Let  A B C D Fig.  I.  Tab.  feq.  be  a Veffel  filled  to  the  Brim 
with  Water,  and  in  it  let  there  be  placed  a Curve  Tube,  or  Sy- 
phon, EGH  K,  likewile  full  of  Water,  the  Orifice  whereof  IK  is 
lor  that  Purpofe  flopp’d  with  the  Finger  or  otherwife.  If  now  you 
remove  your  Finger  from  I K,  every  Body  knows  experimentally, 
that  the  Water  will  run  out  from  IK  to  Z,  riling  up  in  the  mean 
Time  in  that  Part  of  the  Syphon  E G which  is  fhortefl,  and  coming 
down  in  the  longeft  H K,  as  long  as  the  Water  in  the  Veffel  con- 
tinues higher  than  the  Mouth  of  the  fhortefl  Leg  EF. 

Now  to  know  the  Force  and  Manner  whereby  this  Operation 
3s brought  about,  flop  the  Syphon  again  with  your  Finger  at  I K, 

by 
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by  which  Means  the  Water  in  that,  and  in  the  Veffel  will  ftagnate. 
Suppofe  then  X to  be  the  upper  Place  of  the  Air,  which  pref- 
fes  here  upon  the  Water,  and  produces  the  horizontal  Plane  ot  the 
Water,  AD,  throws  PQ.  to  R S whereof  LM,  NO,  P Q_,  and 
R S,  are  equal  Parts;  and  thereupon,  according  to  the  preceding 
Rules,  the  Part  LM  will  be  prefled  with  the  Weight  oi  Air  gravi- 
tating thereupon. 

Suppose  the  Preffure  LM,  to  be  a hundred  Pounds,  the  Water 
Column  P Q_  I K by  of  ten  Pounds  ; and  that  of  the  Air  R S f V, 
being  of  the  fame  Height,  by  c,  of  one  Pound  : Now  fince  L M, 
NO,  PQg  which  are  equal  Parts  of  the  fame  horizontal  Plane  A Q^, 
and  all  Water  ; and  to  all  which  we  may  fuppofe,  that  a Line  or 
Thread  may  be  drawn  without  palling  through  a folid  Body,  or 
any  other  Fluid  befides  Water  ; and  fince  by  the  Action  ol  the  Sy* 
phon,  the  Plane  L M moves,  or  is  prefled  downwards,  that  of  N O 
upwards,  and  that  of  P Q.  again  downwards;  if  every  Thing  be 
reduced  to  reft  by  flopping  the  Orifice  I K,  the  Powers  whereby 
the  faid  Planes  were  preffed  upward  and  downwards  will  be  equal, 
and  L M being  preffed  downwards,  by  the  Weight  of  the  Air  Co- 
lumn LW  M,  that  is  by  <2,  or  a hundred  Pound,  N O will  be  pref- 
fed  upwards  and  P (^downwards  by  the  fame. 

If  we  now  loin  <-0  t-he  Weight  of  this  Air  Column  of  a,  or  one 
hundred  Pounds,  which  preffes  P downwards,  the  Water  Co- 
lumn PQ^IK  of  b , or  ten  Pounds,  by  which  I K is  likewife  pref- 
fed downwards,  the  Force  or  Weight  which  preffes  IK,  will  con- 
fift  of  a joinM  to  or  of  one  hundred  Pounds,  and  ten  Pounds, 
to  wit,  of  the  Air  and  Water  Columns  together.  And  fo,  it  is 
with  this  Force  that  the  Water  gravitates  downwards  to  2.  If 
now  the  horizontal  Plane  palling  through  I K be  extended  to  V, 
and  T V fuppos’d  equal  to  I K,  then  will  T V be  prefsM  down- 
wards by  the  whole  Column  of  Air  I V X,  that  is,  by  RSX  of  w, 
or  one  hundred  Pounds,  (the  fame  being  equal  to  LM  V,)  and  by 
RSTV  of  c , or  one  Pound,  that  is,  of  a and  f_,  or  one  hundred 
Pounds,  and  one  Pound  join’d  together.  Nowr  juft  fo  much  Force 
is  the  Part  I K,  or  rather  the  Air  prefling  againft  I K,  or  the  Fin- 
ger, (if  we  cionft  confider  the  Thicknefs  thereof  prefs’d  upwards,) 
fo  that  here  is  feen  two  Powers  prefling  againft  each  other  on  I K, 
or  the  Separation  of  Air  and  Water  operating  and  acting  againft 
-each  other;  and  the  Fad  is  obvious  toany  one. 

E e 
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Marriotte , Tart  IV.  Tjifc.  i.  of  his  HydroJiaticksJ  tells  usr 
that  the  like  Effects  will  follow  from  Weights  put  upon  a Syringe. 
For  Example,  Let  ABCD,  Fig.  2.  Tab.  feq.  be  a Syringe  of  three 
Inches  diameter,  having  at  its  Paffage  a Bore  of  four  Lines  at  E, 
the  Fifton  is  F G,  which  has  a Plate  below  its  Handle,  to  which  it 
is  fix’d,  that  the  Syringe  may  be  kept  upright,  the  Pifton  being 
juft  within  ; there  is  Water  pour’d  in,  to  fill  from  the  Height  of 
the  Pifton  L,  as  far  as  E;  MN,  O P,  are  two  Sticks  fix’d  to  the 
Body  of  the  Syringe,  on  which  hang  two  equal  Weights  Q_  and 
K,  with  two  Cords  on  each  Side  of  the  Syringe.  I lay,  that  if 
thefe  two  Weights,  which  we  may  fuppofe  to  be  Air,  weigh  twen- 
ty Pounds,  any  Jet  will  fpout  through  E,  as  high  as  by  any  of  the 
receiv’d  Laws  of  Hydroftaticks  it  would,  (if  it  were  fo  much  in- 
cumbent Air,)  and  would  produce  the  fame  Effects,  though  it  were 
in  Vacuo.  What  any  additional  Weight  would  effect,  or  how 
much  higher  they  would  raile*  the  Water  in  larger  Tubes,  is 
fully  proved  by  Marriotte  in  Fig.  83,  84,  85.  of  the  aforefaid  Dif- 
courfes,  to  which  I refer  my  Reader. 

The  Gbfervations  made  on  this  Head  by  the  aforefaid  very  cu- 
rious Author,  have  produc’d  a Machine,  which  he  calls  Fons  Hero - 
ms,  or  Hero's  Fountain , defcrib’d  in  his  Treadle  T)e  Spiritalibuss 
according  to  the  Tranflation  of  Commandinus , which  take  as  fol- 
lows. 

Let  EFGH  ( Fig.  3.  Tab.  feqi)  be  a Machine  full  of  Water, 
as  far  as  the  Line  I L,  a little  below  EF;  and  a Pipe  MN,  which 
is  well  folder’d  at  M and  O to  the  two  Plates  EF,  GH,  which 
make  the  Top  and  Bottom  of  the  Trunk,  to  hinder  the  Air  from 
going  into  it.  The  Trunk  EG  will  ferve  for  a Ciftern  or  Re- 
lervoir. 

It  is  neceiTary,  however,  that  there  fhould  be  another  Trunk 
equal  to  the  firft,  as  C D IK,  full  of  Air,  to  which  the  Pipe  MN 
may  be  folder’d.  When  we  pour  the  Water  through  M,  it  will 
go  down  through  N,  as  far  as  Klj  and  being  rifen  up  as  far  as 
PQ,  the  Air  contain’d  in  the  Space  Q.PCD,  and  in  the  Pipe  X Y, 
open  at  X,  and  well  folder’d  to  the  two  Trunks,  will  not  be  able 
to  go  out  through  A,  and  will  be  condens’d  by  Degrees,  till  there 
be  made  an  ^Equilibrium  between  the  Weight  of  Water  in  M N, 
and  the  Spring  of  the  included  Air. 


For 
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For.  Example:  If  the  Water  beraifed  to  RS,  the  Air  contain’d 
in  the  Space  CDSR  in  the  Pipe  XY,  and  in  the  Space  EIFL, 
will  be  condens’d  by  the  Weight  of  the  Water  MS,  and  will  prefs 
the  Water  IHGL;  then  if  we  open  the  Adjutage  A,  whole  Pipe 
delcends  near  HG  towards  V,  the  Water  will  fpout  to  the  Height 
A 2,  very  near  equal  to  the  Height  M S,  becaufe  the  Air  which  is 
prefs’d  by  the  Height  of  the  Water  MS  makes  the  fame  Effort 
upon  the  Water  1 G,  as  if  the  Pipe  MS,  (full  of  Water,)  was 
above  the  Water  IL  ; and  the  Water  which  fhall  fall  from  the  Jet, 
palling  through  M will  re-enter  into  the  lower  Trunk ; and  by 
this  Means  the  Jet  will  laft  till  all  the  Water,  (which  reach’d  from 
the  Extremity  V , of  the  Pipe  A Vj  to  the  Extremity  Y of  the  Pipe 
X Y)  be  gone  out  in  fpouting. 

If  in  this  Place  we  fliouid  confider  Water,  not  only  as  to  its 
Rife,  but  the  Beauty  it  is  to  afford  in  Fountains,  certain  it  is,  that 
the  Beauty  of  it  confifts  in  that  Uniformity  and  Tranfparency  which 
it  affords  at  the  going  out  of  the  Adjutage,  of  which  there  are  fe- 
veral  kinds,  as  being  1'ubjeH  to  the  lead:  Friction  of  any  yet  con- 
triv’d; but  of  this  more  in  its  proper  Place. 

According  to  what  has  been  before  fet  down,  Water  will 
not  rife  higher,  if  lo  high,  as  the  Fountain  which  fupplies  it;  but 
however,  rhei-p  are  Methods  TOt,pi-f.|,y  Water  in  artificial  Fountains 
may  be  made  to  rife  higher  than  the  Water  in  the  Relervoirs  or  Cif- 
terns  which  fupply  them,  without  any  Means  whatfoever,  fave 
the  Gravity  and  Weight  of  Water  itfelf. 

Let  A BCD,  Fig.  4.  Tab.  feq.  be  an  open  Cittern,  from 
which  an  open  Tube  NR  is  carried  downwards,  through  the  Co- 
vering EH  of  another  Ciftern  EFGH,  fhutfoclofe,  that  no  Air 
can  get  in,*  palling  down  to  R,  almoft  to  the  Bottom  of  the  Cif- 
tern F G. 

From  the  upper  Part  of  this  lowed:  Ciftern  EH,  there  ariles 
a fecond  Tube  ST,  paffing  on  almoft  as  high  as  T D,  or  the 
L>d  of  a fecond  Ciftern  DC  K I,  which  is  likewife  clofed;  and 
from  thence  there  is  again  deriv’d  a third  Tube  to  LMQ.,  which 
is  ftopp’d  with  a Cock,  which  has  a large  Orifice  at  MO.  More- 
over, in  the  Ciftern  DCKI  there  is  a Hole  at  P,  which  can  be 
open’d  and  Chut  by  another  Cock  or  Stopper. 

Ee  2 
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To  fet  this  Machine  to  work,  pour  in  Water  at  the  Orifice  P in- 
to the  Cifterh  D C K I,  till,  the  Tube  L Z CyO  be  full  • Am  ths 
the  Cock  MO,  continuing  to  pour  Water  in  at  P,  till  the  Water 
riles  in  tire  laid  Ciftern  to  the  Height  T Y,  or  level  with  the 
Mouth  of  the  Tube  T;  then  fihut  the  Cock  P,  and  pour  in  Water 
to  the  Ciftern  till  it  riles  to  the  Height  2 T.  This  is  not  indeed 
abfolutely  neceffary  here,  but  is  prefcrib’d,  to  the  End  that  by  ta- 
king the  Height  of  the  lame  Water  in  both  the  upper  Cifterns,  the 
Calculation  may  be  the  more  fimple,  and  confequently  the  more 
intelligible  to  unexperienc’d  Perfions. 

This  being  done,  and  every  Thing  at  Reft,  upon  the  Opening 
MO  you  will  fee  the  Stream  of  Water  riling  up  to  V,  through 
the  middle  Orifice  of  the  Plate  5,  6.  or  at  lead  to  a confiderable 
Height  above  the  uppermolt  Superficies  x T of  the  Water  which 
is  in  the  Ciftern  ABCD  and  DCKI,  and  which  prefles  upon 
the  Stream  6 V.  And  in  this  Place  it  mult  be  obfierv’d,  that  for- 
afinuch  as  the  Water  ot  the  upper  Ciftern  ABCD  defcends  into 
the  lower  EFGH  during  the  Play  of  the  Fountain,  there  muft  be 
a Hole  in  the  latter,  from  whence  the  Water  may  be  difcharg’d; 
which  being  done,  it  muft  be  flopp’d  up  again,  if  you  play  the 
Fountain  in  the  Manner  you  did  before;  or  other.wile  you  may 
place  a little  Pump  at  2 through  the  Tube  N R,  down  to  the  Bot- 
tom F G,  and  then  pump  the  Water  out  of  the  lower  Ciftern 
EFGH  through  N , the  Cock  being  open’d  in  the  Ciftern 
DCKI. 

We  have  already  given  an  Account  of  the  Fountain  of  Hero 
Jlexandrinus , as  defcrib’d  by  Marriotte  with  fiome  Improvement. 
But  whereas,  in  that  of  Hero  it  is  not  poffible  to  make  that  which 
fpouts  out  to  attain  to  a Height  equal  to  that  of  the  Fall;  but  in  this, 
notwithftanding  the  Height  of  the  Machine  was  no  more  than 
three  Foot  and  a half,  the  Jet  rofe  five  Foot  higher  than  the  Water 
in  the  upper  Ciftern. 

Let  G AF  H Fig.  <5.  Tab.  feq.  be  the'  uppermoft  Ciftern,  lying 
open,  and  having  under  it  two  fmaller,  and  every  where  Air- 
tight Cifterns  ABCD  and  D C E F ; each  of  thole  has  an  Orifice 
01" Hole,  one  at  M,  and  the  other  at  N,  and  both  of  them  may  be 
render’d  alfio  Air-tight,  by  flopping  them  with  a Cock,  cover’d 
with  a wet  Bladder,  or  a Cock.  There  are  likewife  two  dole 
Cifterns  below  STRP  and  PRQ.O-  From  the  Bottom  AF 
of  the  uppermoft  Ciftern  GAFH,  there  paffesa  Tube  KI  down- 
wards 
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wards  almoft  to  the  Bottom  RT  of  the  Ciftern  PR  ST,  but  in 
fuch  a Manner,  that  the  fame,  or  whatever  it  contains,  has  no  Gom- 
munication  with  the  Ciftern  DCEF,  through  which  it  paffes. 
And  from  2 in  P S,  there  is  carried  a i ube  j L upwards,  j..ft 
below  the  uppermoft  Plane  D F ol  the  Ciftern  DC  E c ; hom  the 
Bottom  of  which  C E there  defcends  again  at  9 3-  P udc  at  9 ^1  tel'“ 
minating  in  the  other  Ciftern  Q_Q  P R,  very  near  the  Bottom  ot  it 
QR  j and  this  fame  Ciftern  Q^O  P R fends  again  a Tube  4 Z upwards, 
which  beginning  at  4,  is  carried  on  to  Z,  exactly  under  the  upper- 
moft Plane  A D of  the  Ciftern  A B CD.  Laftly,  at  A D there  is 
a Tube  / r,  clofe  folder’d  at  5,  6 , which  rites  to  rb  only,  or  a 
very  little  higher  than  the  Plane  AD,  and  paffes  downwards  to  P, 
or  nearer  to  the  Bottom  B C.  . 

On  the  Top  of  this  laft  Tube  another  was  fix  dr  8 , which  atW  8 
was  cover’d  with  a flat  Plate,  having  a fmall  round  Hole  in  the 
Middle  of  it,  through  which  the  Stream  was  to  pafs,  which  was 
doted  at  the  joint  R with  the  fineft  Plaifter,  fo  that  it  was  imper- 
vious either  to  Water  or  Air. 

► Now  to  work  this  Machine  it  is  to  be  turn'd  upfide  down,  To 
that  the  Ciftern  G A F H be  uadermoft,  and  having  fill'd  both  the 
Ciftern  s A BCD  and  DC  EE  with  Water  at  the  Orifices  M and 
N,  the  faid  Orifices  are  tp  be  flopp’d  With  a Cork  and  Bladder,  put- 
ting a Finger  in  the  mean  1 ime  upon  the  riolc  in  the  little  Plate  W 
8,  to  the  End  that  the  Water  pour’d  in  at  M,  or  fo  much  of  it  as 
was  above  /,  might  not  run  out. 

It  will  not  be  neceffary  to  give  an  Account  here,  how  the  Wa- 
ter fubfiding  or  finking  from  G AFH,  through  the  Tube  KI  pref- 
fes  the  Air  out  of  the  Ciftern  P R ST  through  the  Tub  3 L up- 
wards, which  finding  no  Room  any  where  but  by  preffing  down- 
wards, the  Water  in  the  Ciftern  DCEF,  protrudes  the  faid  Water 
towards  the  Ciftern  OQ.RP,  with  much  greater  Force  than  that 
of  its  own  or  Tingle  Gravity.  At  which  Place  the  Water  likewife 
amending,  the  Air  is  protruded  with  the  fame  Force  from  O Q_R  P, 
through  4 Z to  the  Ciftern  ABCD,  which  caufes  the  Water  to 
fpring  out  of  the  Tube  f 8 after  this  Manner,  with  almoft  the 
Force  of  both  the  Weights  of  the  Water  Columns  Y H and  K I ; 
and  in  this  Manner  may  be  deduc’d  the  Operations  of  the  aforego- 
ing Fountains,  Syphons,  &e,  without  any  Calculation.  Nor  will 
it  be  difficult  to  any  one  that  underftands  this  aright,  to  caufe  a 
Stream  of  Water  to  rife  up  to  any  given  Height  by  a requifite 

Multi- 
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Multiplication .of  Citterns  and  Tubes,  the  Height  of  the  Defcentof 
Water  being  hkewiie  given,  as  may  be  feen  in  Bockler’s  elaborate 
I reatiie  o>  Architecture  and  Hydrojiaticks,  which  I have  much 
Uccmion  to  c iiult  in  this  and  the  following  Volumes. 

-bu.  lo  huiih  this  Account:  The  Machine  we  have  been  juft<d- 
\mg  an  Account  of,  may  be  improved  in  fuch  a Manner,  as  not 
to  have  Occafion  to  invert  it,  nor  yet  flop  the  little  Hole  of  the 
Column  W 8,  with  the  Finger,  or  any  Thing  elfe,  by  Stop  Cocks 
in  other  proper  Places,  and  by  making  the  Orifices  M N,  above  at 

A,  ' a?  ls  known  to  every  Body  that  has  any  Skill  in  theft  and 
other  kinds  of  Water- Works. 

Fig.  6.  Tab.  feq.  is  a Scheme  wherein  the  Motion  of  Water  in 
a Cuive  ' I ube  is  deftrib’d,  of  which  more  in  its  proper  Place. 

Akd  Fig. 7.  Tab.  feq.  is  the  compleat  compound  Fountain  of  Hero’s. 
as  delcrib’d  by  Grave fande,  the  Conftruflion  of  which  is  very 
plain  and  obvious.  3 


CHAP.  XXXVI. 

Of  the  Conjlruchon  and  Ufe  of  a Gauge  for  Meafuring  of 
Water,  and  of  the  Difiribution  and  Expence  of  it  to  Cities 
Towns,  Gardens , &c. 


AMONGST  the  Works  of  the  celebrated  La  Bion , I find 
c a Gauge,  which  lie  appears  to  have  taken  from  Marriotte 
tor  to  know  the  Quantity  of  Water  which  a Source  furnifhes,  which 
is  of  a Rectangular  Parallelopepidon  of  Brafs  well  folder’d,  about 
a Foot  long,  eight  Inches  broad,  and  as  many  in  Height,  more  or 
lefs,  according  to  the  Quantity  of  Water  to  be  meafured,  bavins 
feveral  round  Holes  very  exa&Iy  drill’d  in  it,  at  an  Inch  in  Dia- 
meter ; and  others  for  half  an  Inch  of  Water  to  pafs  through ; and 
alio  others  for  a Quarter  of  an  Inch  of  Water  to  pafs  through  them: 
All  which  ought  to  be  drill’d,  fo  as  that  their  Centers  rmy  be  of 
the  fame  Height.  The  upper  Extreams  of  the  Inch-Holes  muft  be 
Within  two  Lines  of  the  Top  of  the  Gauge  ; and  the  Holes  are 
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{topped  with  little  Brafs  fquare  Plates,  adjufted  in  the  Grooves, 
i,  2,  and  3.  There  is  Brafs  Partition  eroding  the  Velfei  mark’d 
4.  fix’d  about  an  Inch  above  from  the  Bottom,  and  drill’d  with  feveral 
Holes  to  make  the  Water  pafs  more  freely.  This  Partition  is  made 
to  receive  the  Shock  of  the  Water  falling  from  the  Source  into  the 
Gauge,  and  hindering  it  from  making  of  Waves  3 fo  that  it  may 
the  more  naturally  run  out  through  theHoles ; where  note,  that  to  give 
a cylinderick  Inch  of  W ater  you  ought  to  -allow  twelve  Lines  in  Dia- 
meter, that  giving  half  an  Inch  ought  to  be  eight  Lines  one  Half ; and 
that  giving  a Quarter  of  an  Inch  ought  to  beexattly  fix  Lines:  All 
which  may  be  found  by7  Calculation. 

To  ufe  the  Inftrument,  it  mult  be  placed,  fo  as  that  its  Bottom 
may  be  parallel  to  the  Horizon  ; and  then  let  the  Water  of  the 
Spring  or  Source  run  through  a Pipe  into  the  Gauge,  ( as  by  the 
Figure,  ) and  when  it  wants  about  a Line  of  the.  Top,  open  one 
of  the  Holes  (for  Example)  of  an  Inch  : Then  if  the  Water  always 
keeps  the  fame  Height  in  the  Gauge,  it  is  manifeft  that  there  runs 
as  much  into  it,  as  goes  out  of  it;  and  fo  the  Spring  or  Source 
will  turnifh  an  Inch  of  Water  : But  if  the  Water  in  the  Gauge 
riles,  there  mull:  be  another  Hole  open’d,  either  of  an  Inch,  Half 
an  Inch,  or  a Quarter  of  an  Inch  Diameter  ; fo  that  the  Water 
may  keep  rn .the  ramo  imig  htin  Cru,g,,  that  is,  to  a Line  above 

the  Holes  of  an  Inch,  and  then  the  Number  of  Holes  opened  will 
give  the  Quantity  of  Water  furnifhed  by  the  Source  or  Sprinm 

The  little  VelTel  receiving  the  Water  running  out  of  the  Gauge 
is  to  lhew  how  much  Water  the  Spring  furnifhes  in  a determinate 
Space  of  Time  ; for  having  a Pendulum,  which  fwings  Seconds, 
note  how  many  Seconds  there  will  be  in  the  Time  that  this 
VelTel,  fet  under  the  Hole,  giving  an  Inch  of  Water,  is  Alima- . 
and  exaftly  Meafuring  the  Quantity  of  Water  it  contains,  you  may 
know  the  Quantity  of  Water  the  Spring  or  Source  furnifhes  in 
an  Hour. 

There  have  been  feveral  exafib  Experiments  made  upon  this 
SubjeT,  (which  have  been  fet  down  before  in  this  Treatife,)  from 
whence,  as  has  been  before  obferved,  one  Inch  of  Water  will  fill 
fourteen  Pints  of  Tar  is  Meafure  : But  of  this  fo  much  has  been 
faid  already  that  I need  not  repeat  it. 

To  meafure  the  running  Water  of  our  AquaduT  or  River, 
which  cannot  be  received  into  a Gauge,  you  mud  put  a Ball  of 
Wax  upon  the  Water,  made  fo  heavy  with  fome  other  Matter 
as  that  there  may  be  but  a fmall  Part  of  the  Ball  above  the  Sur- 
face of  the  Water,  that  fo  the  Wind  can  have  no  Power  of  it. 

And, 
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And,  after  having  meafured  a Length  of  fifteen  or  twenty  Foot 
of  the  Aquaduft,  you  may  know  by  a Pendulum,  in  what  Time  the 
Ball  of  Wax  will  be  carried  that  Dilfance;  and  afterwards  multi- 
plying the  Breadth  of  the  Aquaduft  or  River  by  the  Height  of 
the  Water,  and  that  Product,  by  the  Space  which  the  Ball  has  mov- 
ed, this  lafi:  Product  will  give  all  the  Water  palled  in  the  noted  1 ime 
through  the  Section  of  the  River,  (as  has  been  elfewhere  ob- 
ferv’d.) 

To  come  to  Example:  Suppofe  that  in  an  Aquaduft  two  Foot 
wide,  and  one  Foot  deep,  a Ball  of  Wax  moves  in  twenty  Seconds 
thirty  Foot ; which  will  be  one  Foot  an  half  in  a Second  : But  becaufe 
the  Water  moves  fwifter  at  theTop  than  at  the  Bottom,  you  muft  take 
but  twenty  Foot,  which  will  be  one  Foot  in  a Second  : The  Pro- 
duct of  one  Foot  deep  by  two  Foot  broad,  is  two  Foot ; which 
multiplied  by  twenty  Foot,  the  Length,  gives  forty  cubick  Feet,  or 
forty  Times  thirty-five  Pints  French  Meafure  of  Water,  which 
makes  fouiteeen  hundred  Pints  in  twenty  Seconds : And  if  twenty 
Seconds  give  fourteen  hundred  Pints,  fixty  Seconds  will  give^ 
.4100  Pints,  and  dividing  4200  by  14,  which  is  the  Number  of 
Pints  an  Inch  of  Water  gives  in  a Minute  or  fixty  Seconds,  the^ 
Quotient  300  will  be  the  Number  of  Inches,  which  the  Water  of 
the  Aquaduft  furnifhes.  And  thus  much  I thought  proper  to  infert 
in  this  Place,  though  it  be  a kind  of  Repetition  of  what  is  gone 
before-  And  now  I proceed  to  the  Manner  and  Method  of  Diftri- 
buting  of  Water  for  the  Supply  of  Cities,  Towns,  Gardens,  &c. 

Several  are  the  Methods  which  I have  obferved,  that  Foun- 
tain-Makers, and  Water- Workmen  u'fe  in  this  Affair  ; but  none  are 
fo  exact  as  thofe  which  the  curious  Marriotte  makes  ufe  o£ 

Hitherto  we  have  treated  concerning  the  Coming  in  of  Wa- 
ter only  ; it  now  remains  that  we  treat  of  the  Expence  or  Going  out 
of  it  as  it  relates  to  the  furmfhing  Houfes  and  Gardens,  which 
depend  very  much,  if  not  altogether,  on  the  Rules  before  going. 

IF  therefore,  a Spring  iuch  as  is  that  of  the  Town  of  Chelmf- 
ford  in  Efex , happens  to  the  Lot  of  any  Gentleman,  or  of  any 
Society  of  People'  in  a City,  what  may  not  fuch  Perfon  or  Perfons 
do,  either  as  to  the  Supply  of  Buildings,  Fountains,  or  Cafcades: 
Since  by  feveral  Experiments  that  have  been  there  made  with  great 
Care,  that  Spring  from  a five  Inch  Main,  whofe  Content  is  twen- 
ty-five Inches  fquare,  produces  12272  Hogfheads,  48  Gallons  in 
one  Day  ; which  will  be  fufficient  for  any  large  Family  with  their 
Gardens,  &e.  or  even  any  Town  Corporate,  that  is  not  very  large 

indeed ; efpecially  if  it  is  conduced  into  a Refervoir,  and  diliri- 
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bated  as  it  is  occafionally  wanted,  into  the  feveral  Parts  of  the 
Houles  and  Gardens  of  liich  Places. 

It  will  be  impoffible  to  calculate  the  various  Ufes  to  which  this 
Water  may  be  applied,  or  the  Manner  how,  in  as  much  as  it  de- 
pends on  the  Sizes  of  your  Pipes,  and  the  jets  or  Sheets  of  Water  it 
is  to  fupply  however  the  following  Account  may  ferve  to  give 
fome  Infight  into  what  I am  now  putting  down. 

Supposing  then  that  you  have  Cocks  to  fupply  in  the  Houfe, 
two  of  two  Inches  Diameter,  two  of  one  Inch  and  an  half,  tvyo  of 
one  Inch,  and  two  of  half  an  Inch  ; for  one  or  more  or  thefe  Sizes 
are  always  wanted. 

Suppose  alfo  that  you  have  as  many  Pipes  to  fupply  in  the  Gar- 
den., and  that  there  are  Cafcades  of  thirty  Foot  wide  in  Additon  to 
it ; the  great  Queftion  is  how  big,  or,  in  other  Words,  how  many 
Inches  Diameter  muft  a Pipe  of  Conduft  be,  that  is  to  fupply  them 
conftantly  and  upon  all  Occafions  ; becaufe  it  would  be  a confiderable 
Detriment  to  the  Ufes  of  your  Houfe,  as  well  as  Beauty  oi  your 
Gardens,  if  they  cannot  be  fupplied  all  at  one  Time.  Your  Me- 
thod muff  be  thus. 

Inches  Square^ 

The  Two  Pipes  of  two  Inches  Diameter  each  amounts  to  8 


The  two  of  one  Inch  and  an  Half  Diameter.  4 

The  two  of  one  Inch  2 

The  two  of  half  an  Inch  1 

Now  all  thefe  added  together  makes  1 5 

And  the  fame  repeated  makes  50 


To  which,  if  you  add  the  Width  of  the  Cafcade 
of  thirty  Foot,  at  half  an  Inch  Thicknefs  of  Wa- 
ter, which  is  thick  enough,  the  Account  will 
be 

In  all  2,10 


The  Square  Root  whereof  being  fourteen  Inches  and  an  Half,  fb 
much  muft  the  Pipe  of  Conduct  be  that  is  to  fupply  fueh  a Demand ; 
and  lo  much  ought  a Spring  to  give  : But  as  there  are  few  Foun- 
tains, which  play  Day  and  Night ; and  as  there  are  few  Offices  or 
Buildings  that  are  in  continual  Want  of  Water  when  there  is  a good 

F f Refer- 
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Refervoir  made  before-hand,  where  the  Water  is  to  lodge,  a Spring 
of  ten  Inches  will  fupply  them  all  a whole  Day ; and  as  they  are 
but  occalionally  ufed,fuppofe  two  whole  Hours  in  a Day,  (which  is 
generally  the  moil:  that  they  are,)  a Spring  of  four  Inches  will  be 
iufficient ; but  then  the  main  Pipe  which  goes  out  of  the  Refervoir 
muft  be  fourteen  Inches,  as  above. 

Again  it  is  necellary  to  come  to  a nearer  Calculation  than  Or- 
dinary where  the  Springs  are  but  penurious,  or  you  are  lupply’d  by 
an  Engine. 

It  is  certain  that  half  an  Inch  Pipe  is  fufficient  for  raoft  fmall 
Families,  and  for  all  the  Offices  of  a Houle,  except  the  Brew-Houfe, 
or  Wafli  Houfe,  which  ought  to  be  at  leaf  one  Inch  Diameter  ; 
when  I fay  half  an  Inch  I mean  fix  Lines,  which  gives  but  a Quar- 
ter of  the  Water  which  a Pipe  of  one  Inch  or  twelve  Lines  does, 
Which  is.  all  I think  requifite  to  add  in  this  Matter  ; becaufe 
every  Owner  of  a Family  may  by  a little  Obfervation  know  what 
Quantity  of  Water  he  fhall  want  in  a Day  or  a Week,  taking  one 
Time  with  another,  better  than  any  Calculator  polfibly  can. 


CHAP.  XXXVII. 

A Defcription  (f  the  Thirty  lajl  Plates. 

PLATE  XXXI.  This  Plate  is  a Plan  which  belongs  to  the 
Perfpeflive  of  Plate  XXXIII.  wherein  is  leen  not  only  the 
Water,  but  the  Walk  on  each  Side,  with  the  Pedeftals,  which  repre- 
fent  the  Cyprefs  Trees,  which  fee  in  the  Perfpeclive,  together  with 
the  fquare  Troughs  in  the  Hills,  out  of  which  the  faid  Water  is 
made  by  Nature  to  fpring  out  of  the  Hill,  and  is  delivered  after 
its  Pafiage  through  a Canal  of  a Length  undeterminate  over  the 
Calcade,  or  Head  of  Water. 

Th  e Plan  was  originally  defigned  for  a Gentleman  in  the  Wefi, 
which  might,  at  a reafonable  Expence,  have  been  executed,  and  is 
here  produc’d  as  a Specimen  of  this  Kind  of  Work.  The  farther 
Particulars  whereof  will  be  inferred  in  the  thirty  third  Plate,  after  ! 
have  given  a fhort  Acount  of  the  next, which  relates  in  a very  particular 
Manner  to  the  Calculation  and  Expence  of  Water  over  the  Heads 
of  Cafcades. 
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Plate  XXXII.  The  Defcription  of  this  thirty-fecond  Plate  is 
more  fully  found  in  the  Chapter  aforegoing,  wherein  are  feveral 
Particulars  which  relate  to  the  PalTage  of  Water  over  Cafcades, 
and  Sewers  of  Water,  which  will  there  more  plainly  appear. 

Plate  XXXIII.  This  thirty-third  Plate  is  an  Upright  and  Per- 
fpe&iveofthe  thirty  firft  foregoing  ; for  which  I am  obliged  to 
my  ingenious  Friend  Monf.  J.  Devoto , who  has  made  a Collec- 
tion of  Drawings  of  this,  and  other  Works  of  this  Nature,  in  a 
Tafte  very  agreeable  to  the  Rural  Way  ; I have  in  this  and  feveral 
others  of  my  Defigns  endeavoured  to  recommend  a Defign,  which, 
I am  almoft  bold  enough  to  fay,  equals,  if  not  exceeds,  whatever 
has  been  produced  either  by  Tie  French  or  Italians . 

The  Hills  from  whence  the  Water  proceeds,  rcprefent  themfelves 
at  a Diftance,  and  are  Refervoirs proper  for  the  Delivery  ol  fuch 
Water ; of  which  Hills  there  are  lome  in  the  Weft,  as  well  as  ma- 
ny other  Parts  of  England  very  fuitable  for  fuch  a Purpofe  ; of 
which  the  Quantick  and  other  Hills  in  the  County  of  Son/erfet  and 
Gloucejter  are  plain  Proofs : And  I muft  add  that  a Defign  of  this 
kind  muft  well  have  fitted  the  precipitate  Falls  of  Italy , Switzer- 
land, and  other  Places. 

The  Steps  are  indeed  drawn  a little  too  fmooth,  but  if  the 
Water  was  conduced  over  a CataraH  or  rough  Cafcade,  it  would 
(in  my  humble  Opinion)  merit  a Place  prior  to  any  Defign  pro- 
duced in  this  or  any  Book  of  Water-works. 

Plate  XXXIV.  Is  an  Upright  and  PerfpeClive  of  the  Cafcade 
at  Bnfhy  ‘Park , the  real  Defign  (at  leaft  the  approved  one)  of 
that  great  Maecenas  of  his  Age,  the  late  Earl  of  Halifax , whole 
true  Tafte  in  rural  and  extenfive  Gardening,  I have  long  ago 
took  Leave  to  celebrate. 

This  very  handfome  rural  Defign  is  fupply’d  by  a Branch  of 
the  River  Colne  ; which,  though  not  affording  a perpetual  Current, 
yet  is  never  wanting  to  give  Spectators  a particular  Pleafure. 

The  Defign  is  lb  well  known,  that  I need  not  expatiate  or 
enlarge  upon  it  ; but  is,  however,  of  fo  rude  and  ruftick  a Man- 
ner that  it  may  well  ferve  as  a Pattern  or  Model  to  any  that  fhall 
be  dilpofed  to  make  ufe  of  Water-Works. 

There  is  one  Thing  obfervable  in  the  Judgment  of  the  noble 
Lord  before-mentioned,  and  ; which  is  his  not  endeavouring  to 
crowd  much  Wood  about  this  Cafcade,  as  the  Italians  and  French 
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c!o,  inafmuch  as  it  is  in  a Country  where  there  is  not  fo  much? 
Heat  as  there  is  in  thofe  juft  mentioned  ; and  this  Conflderation  it  is, 
that  has  very  juftly  been  the  Occafion  of  fome  modern  and  very 
great  Defigners  in  Gardening,  to  make  their  Dcfigns  more  open 
and  freer  from  Cover;  becaufe  Water,  however  delightful  it  is, 
is  apt  (elpecially  if  in  the  Shade,  and  not  clear)  to  detract  greatly  from 
the  Beauty  of  it.  And  this,  in  my  humble  Opinion,  is  a very  great 
Objection  to  the  other  wife  very  pretty  trifling  Water- Works  of  my 
late  deceafed  ingenious  Friend,  John-Kyrk  Ernly , at  Sandy-Lane , 
Wilts . 

Plate  XXXV.  The  next  Plate  I produce,  is  from  the  Italian 
Fountains,  and  is  called  the  Fountain  of  the  Tower,  fltuateinthe 
Gardens  of  the  Vatican  at  Rome,  the  Architecture  of  Carlo  Maderno , 
and  was,  as  appears  by  the  Infcription,  ereded  by  that  great 
High-Prieft  Paulus  V.  (ad  augendum  Palatii  Pro/p  eel  us  & Hortorum 
decoremp  as  that  proud  Gentleman  on  his  Frontifpiece  has  it. 

The  good  natured  Reader  will  be  fo  favourable  as  to 
obferve, . that  I don’t  produce  this  Draught  out  of  any  great 
Qfientation  as  to  its  Beauty,-  but  as  it  ferves,  (being  of  a Portico 
Conftrudion)  as  a Forerunner  to  ulher  in  the  Draughts  of  fome 
of  the  fo-much- famed  Water.  Works  of  Italy. 

Plate  XXXVI.  The  thirty-fixth  Plate  is  a Fountain  upon  a 
a Flat  in  the  Wood,  in  the  Gardens  of  Belvedere  at  Frefcati, 
belonging  to  the  fo-much-famed  Family  of  the  Aldobrandi  ; 
which  being  fltuate  in  Cover,  and  of  Ruftick  Appointment  can’t 
(though  fmall)  be  an  inelegant  Figure  in  Fad. 

Plate  XXXVII.  The  Reader  will  probably  wonder,  that 
I have  mix’d  this  Plan  (which  is  purely  English')  amongft  the 
Perfpedives  of  Italy  and  France  ; but  fo  it  is,  that  a Gentleman 
of  pretended  Honour,  whom  I fhall  not  Name,  gave  me  meat 
Hopes  of  copying  the  Plans  of  the  Water-Works  of  Ver failles ; of 
which  I intended  to  make  the  31ft,  ^2d,  34th,  35th,  and  36th 
Plates,  and 'tojiave  let  this  follow  them,  that  I might  have  made  a 
Parallel  of  our  Englijb  Way  of  Defign,  compar’d  with  that  of  France. 

But  as  that  JPerfon  (after  long  Promifes)  deceived  me,  and 
thereby  hinder’d  the  Publication  of  fome  of  the  beft  Things  amongft 
die  French  Water-Works,  I was  obliged  to  give  thofe  Plates  the 
Turn  they  now  have. 
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The  upper  Part  of  the  Work  may  very  eafily  be  feen  to  be 
a Sketch  of  the  tine  Amphitheatre  at  Claremont , (belonging  to 
his  Grace  the  Duke  of  Newcastle)  the  Defign  of  the  very  ingeni- 
ous Mr.  Bridgeman ; and  the  lower  Part,  where  the  Water  Spouts 
out,  is  an  Addition  of  my  own,  from  a Work  of  that  kind  that 
I have  done  for  the  Right  Honourable  the  Earl  of  Orrery 3 at  Mar- 
Jlon  in  Somerfetjhire. 

In  this  Compofition,  which  I humbly  conceive  to  be  the  nobleft 
of  any  in  Europe r may  be  feen  a very  magnificent  Tafte  and 
Way  of  thinking,  and  in  which  I can't  help  obferving,  that  had 
the  ingenious  Defigner  had  more  Room  at  Claremont , he  would  cer- 
tainly have  made  his  Water  much  larger  than  that  little  Circular  Ba- 
fin,  which  is  feen  therein,  and  which  is  very  much  eclips’d  by  the  pro- 
digious Grandeur  of  that  Amphitheatre.  And  this  I note  for  the 
Advantage  of  thofewho  have  more  Room  for  fucli  a Purpofe:  As 
for  the  reft  the  Plan  {peaks  for  itfelf. 

Plate  XXXVIII.  The  next  Account  to  be  given  of  the  Plates 
placed  at  the  End  of  this  Book,  is  of  lome  Defigns  of  Water-Houfes, 
Grots,  the  firft  of  which  ( Plate  XXXVIII.)  is  amongft 
the  Defigns  which  are  brought  over  from  France , and  carries  with 
it  the  Title  of  Cscropidarum  Sacrilega  Cur  to  fit  as,  or  the  Sacri- 
legious Curiofity  of  the  Cecrops , Daughters  of  Ops  and  Terras  of 
whom  Ovid  thus  : 

Nam  tempore  quodam 

Pallas  Ericbthoninm , prolem  fine  matre  ere  at  am, 

Clauferat  A Cl  re  o text  a de  vimiue  cifta , 

Virginibnfque  tribus  gemino  de  Cicrope  natis 
Hanc  legem  de  derat,  Jiia  ne  fecreta  viderent. 

Abdita  fronde  levi  dev  fa  Jpeculabar  ab  ulmo, 

Quid  facer eut  : commijfa  dure  fine  fraude  tuentur 
Pandrofos,  atqve  Her  fie  : timidas  vocat  una  forores 
Aglaurus i nodofque  rnanu  diduci't  : at  intus 
Infant  emque  indent,  apporreCtumque  dr  aeon  cm. 

Plate  XXXIX.  Itfhall  not  pretend  to  Englifi  nor  enlarge 
on  this  Piece,  but  leave  the  Determination  of  the  Defign  to  the 
Curious  Reader,  and  proceed  to  Plate  XXXIX.  which  is  taken  from 
the  lame  Le  Architect  Paultre,  (by  Miftake  la  Nautre  on  the 
Plate.)  which  is  alfo  from  Ovid.  Met.  Lib.  III.  ver.  407.  The  De- 
fign is  of  Narcijpus  placed  in  a Nitch,  who  flighting  Eccho,  and 
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falling  in  Love  with  himfelf,  is  drawn  above  a Fountain  with 
Water  fpouting  out  of  the  Heads  of  Dolphins  underneath  : Of 
which  Ovid  thus ; and  which  containing  a Kind  of  rural  Defcrip- 
tion,  I infert  at  full  Length. 

Fons  erat  illimis  nitidis  argenteus  undis , 

Quem  neque  paftores , neque  pafia  monte  capella 
Contigerant , aliudve  pecus  ; quem  nulla  volucris , 

Nec  fera  turbdrat , nec  lap  fits  ab  arbor  e ramus : 

Gramen  erat  circa , quod  proximus  humor  alebat 
Sylvdque  foie  lacum  pajfura  tepefcere  nullo. 

Hie  puer  & fadio  venandi  la  fus  & afliij 
Procnbuitj  faciemque  loci , fontemque  fecutus  : 

SDumque  fitim  fedare  cupit , ft  is  altera  crevit , 

Dumque  bibit , vife  correptus  imagine  forma, 

Rem  fine  corpore  amat , corpus  putat  ejje  quod  umbra  ef. 
Adftupet  ipfe  fbi , vultuque  immotus  eodem 
Haret  : ut  e pario  jormatum  marmore  fignum,  8<c. 

Plate  XL-  Is  alio  another  Defign  of  La  Taultre's , and  is 
the  Story  of  Meleager  and  Atalania , Ovid.  Metam.  Lib.  VIII. 
who  is  here  reprelented  with  a Shaft  of  Arrows  on  her  Back. 
This  Defign  whether  ever  executed  by  the  Archited,  or  no,  I can’t 
tell,  is,  I humbly  l'uppofe,  amongft  the  moft  curious  of  all  he  de- 
fignecl.  The  Architedure  on  each  Side  is  regular  and  juft,  and 
the  rude  Arch  in  the  Middle,  makes  it,  I think,  one  of  the  bell 
Defigns  I have  or  fhall  produce: 

My  late  good  Friend  John-Kyrle  Ernly,  at  TVhettam  near  San- 
dy-Lane,  IVilts , on  the  Road  to  the  Bath , had  a Defign  at  the 
Head  of  his  long  Cafcade  much  like  this,  which  has,  in  the 
Opinion  of  many  good  Judges,  a very  good  Effed  from  the  Bot- 
tom of  it,  only  the  Cafcade  is  too  narrow.  And  this  brings  me 
to  the  chief  and  beft  of  the  French  Defigns  at  Ver failles,  which 
for  Expence  or  Coftlinefs  exceeds  all  the  Water- Works  of  Europe  if 
not  the  whole  W orld. 

Plate  XLI.  This  forty  fir  ft  Plate  is  taken  out  of  a Colledion 
of  French  Prints  fome  Years  ago  engraved  by  the  beft  Artifts  in 
the  Gobeline  Square  ; and  contains  a View  and  Perfpedive  of 
the  Fountain  of  the  Stars,  fituated  in  a little  Wood;  in  the  Middle 
of  which  five  Walks  meet,  which  makes  a Kind  of  Saloon  of  Foreft 
Work. 
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The  Border  of  the  Fountain  is  in  Part  clone  round  with  ruftick 
Work  ; but  there  are  between  thofe  Works,  (fronting  the  live 
Walks.)  Openings  over  which  the  Water  falls  in  the  Nature  of 
a Cafcade  or  River.  The  Column  of  Water  in  the  Middle  breaks 
out  alfo  through  a Mole  or  Heap  of  ruftick  Stones,  as  do  all  the 
jets  which  break  out  on  each  Side  ; and  thefe  Kinds  of  Defigns  I 
produce  as  the  beft  amongft  the  Defigns  of  the  French , which  are 
generally  too  regular  and  ftiff,  and  adorned  with  too  much  Art. 

Plate  XLII.  The  forty -fecond  Plate  is  alfo  call’d  La  Font  am 
d'Etoille , or  Fountain  of  the  Star : And  an  Account  of  the  Largenefs  of 
the  Column  of  Water  La  Montague  d’ Ean,  or  Mountain  of  Water 
at  Ver  failles,  and  is  on  the  fame  Side  as  the  Theatre,  in  a little 
Wood  in  the  Middle  of  five  Allies,  or  Walks,  border’d  by  a 
Kind  of  Saloon.  The  Water  which  fpouts  from  this  Fountain, 
is  in  the  Shape  of  a great  Mole,  or  Mountain,  and  falling  egain 
five  Ways,  forms  fo  many  Rivers,  or  Rivulets,  which  fall  from 
the  Foot  of  the  Bafin,  into  Alleys  at  equal  Diftances  ; and  in  the 
Middle  are  Rocks  which  call  forth  Water,  very  pleafant  to  the 
Curious  Beholder. 

Plate  XLIII.  The  next  Plate  I produce  is  a Perfpefftive  View 
of  the  Gallery  of  Water  at  Verfailles , which  being  of  fo  great  a 
Number  of  Jets,  or  Pillars  of  Water,  all  in  a Row  on  each  Side, 
fpouting  up  between  Statues,  make  no  inelegant  Figure,  though  I 
humbly  conceive  it  is  not  the  fineft  Figure  among  the  Water-Works 
of  Ver failles. 

Plate  XLIV.  Is  a PerfpeTive  View  of  the  three  Fountains 
in  the  Gardens  of  Ver  failles,  and  which  makes  one  of  the  fineft 
Sights  there,  as  well  for  the  Difpcfttion  of  the  Water,  as  the  ft- 
tuation  of  the  Place  itfelf. 

This  Place  is  near  where  there  was  formerly  an  Alley  of  Wa- 
ter arbor’d,  or  bower’d  over,  which  the  French  call  by  the  general 
Name  of  Bitrceau,irA  we  in  England,  Cover’d  Walks;  but  is  how 
laid  open  in  a very  elegant  Manner  ; and  as  the  Jets  fpout  up  both 
in  the  Middle  and  in  each  Side,  (as  a Deftgn  of  my  own,  which 
I fball  by  and  by  produce,)  it  can’t  but  afford  a fine  View. 

Plate  XLV.  The  forty  fifth  Plate  is  a Morafs  of  Water  in 
the  Gardens  of  Verf allies fituated  at  the  End  of  a Flower-Garden, 
crofting  the  Alley  of  Ceres  in  a little  Wood  j and  is  twelve  Toifes, 
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or  feventy-two  Foot  long,  and  eight  Toifes,  or  forty-eight  Foot 
wide.  It  is  a Square  of  Water  bounded  with  artificial  Reeds, 
painted  green,  which  all  cad  out  Water.  At  the  lour  Corners  are 
four  Swans,  which  call  out  Water  from  their  Bills-  In  the  Middle 
is  an  Oak  Tree,  which  calls  out  great  Quantities  of  Water  from  its 
Branches ; and  on  each  Side  of  the  Walk,  which  furrounds  this  Mo- 
rals of  Water,  there  is  a Cavity,  or  Buffet,  on  which  are  placed 
gilt  Veffels,  and  on  each  Side  of  them  Spouts  of  Water,  which 
in  its  Fall  caufes  them  to  Glitter  like  Silver. 

A Design  of  this  Kind  I can't  but  recommend  to  the  Curious,  in 
as  much  as  there  is  more  of  Nature  in  it,  than  in  any  of  the  French 
Deligns,  efpecially  in  the  Middle  of  it. 

For  this  Kind  of  Morafs,  or  Fountain,  fet  about  with  Water- 
Weeds,  fuch  as  Water-Dock,  Plantane,  f 'Sc.  being  properly  dif- 
pofed  in  a low  wet  Place,  and  in  hot  Weather,  anfwers  all  the 
Purpofes  that  a Curious  Beholder,  (and  one  who  makes  Nature  his 
Pattern,)  can  defire.  How  well  thole  Kinds  of  Weeds  and  Flowers 
look  when  placed  in  the  Middle  of  Water,  any  one  may  judge  who 
ever  faw  that  fmall  Fountain  which  is  in  the  Middle  of  a little 
Piece  of  Woodwork  in  Trinity-College  Garden,  Oxford ; which, 
I think,  deferves  Imitation  by  all  who  make  fuch  like  Bafins  and 
Contrivances  for  Water. 

Plate  XLVL  The  forty  fixth  Plate  is  a Perfpective  View 
of  the  Baffin  d' Amour , or  Bajon  of  Love,  more  generally  cal- 
led the  Ifle  Royal,  which  is  in  the  Form  of  a Canal,  in  the 
Middle  of  which  is  an  Ifland  furrounded  with  eighty  Water 
Spouts,  which  playing  on  all  Sides  hinders  one  from  approach- 
ing it  without  being  wet.  It  is  placed  on  the  Left  Hand 
above  the  Labyrinth  130  Toifes  long,  and  30  wide,  and  one  Fa- 
thom deep,  without  reckoning  thofe  Pieces  which  were  la  ft  made 
at  the  farther  Ends.  But  for  a more  particular  Defcription  of  this 
j refer  my  Reader  to  the  Introduction  to  thefe  Volumes,  Tage  8. 
thefe  being  the  very  beft  Pieces  of  Water  amongft  the  French.  I 
proceed  to  thofe  of  Italy. 

Plate  XLVII.  Is  a fine  Fountain  in  the  Efenfian  Gardens 
at  Tivoli  in  Italy , and  is  called  the  Eagle-Fountain,  on  Account 
of  the  carved  Figures  of  thofe  Birds,  which  fpout  Water  out  of 
their  Mouths.  The  fine  Ruftick  Mole  of  Stone,  with  the  Water 
dafhing  or  falling  down  on  each  Side,  makes  it  very  delightful  not 
only  in  the  Print",  but  Travellers,  who  have  feen  it,  fay,  that  in 
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Fa£l  alfo,  it  is  one  of  the  beft  Pieces  in  the  Gardens  there.  It  is 
fit u ate  in  the  Middle  of  a Parterre  of  Flowers,  and  the  Water  plays 
at  leaft  forty  Foot  high. 

Plate  XLVI1I.  Is  a Fountain  under  a capital  Arch  in  the 
Palace  of  Segnior  MaJJint , the  Architecture  of  the  Chevalier 
Carlo  Fontana , where  the  Water  fjouts  through  the  Head  of  a 
large  Triton , who  is  accompanied  by  Dolphins  on  each  Side. 

This  Kind  of  Difpofition  mult  be  very  furprifing,  inafmuch 
as  it  is  placed  in  fo  remarkable  a Place  as  this  Arch  is ; and  I 
muff  own  it  is  very  much  to  be  wonder’d  at,  that  fo  auguffc 
a Defign  as  this  is,  has  not  met  with  more  Imitators. 

Plate  XLIX.  Is  a ProfpeCt  of  the  Theatre  and  Cafcade 
of  Water,  which  is  in  the  Villa  Ludovifa , in  the  Frefcati  Gar- 
dens ; and  which,  for  the  Precipitancy  of  its.  Fall,  and  the  noble 
Elegance  of  its  Architecture,  feems  to  be  fecond  to  none  of  the 
Italian  Defigns,  whether  we  account  the  Finenefs  of  the  Bullion 
or  Spout  of  Water,  which  plays  up  in  the  Middle  of  the  Rock-Work, 
over  which  the  Water  rolls:  A noble  Elegance  of  Tafte,  in  which 
the  Italians  abound  much  more  than  the  French . 

Plate  L.  Is  a large  Ruftick  Fountain  in  the  Garden  of 
Prince  Borghefe , without  the  ‘Porta  Pinciana , in  the  Front  of  the 
Gate,  at  the  End  of  the  Walk  of  Elms,  and  is  called  the  Foun- 
tain of  the  Mafqae , the  Architecture  oil  Giacomo  Antonio  Venfanti.  On 
this  Fountain,  which  has  an  Arch  under  the  great  Mafque,  (through 
which  the  Rows  of  Elms  may  be  viewed,)  is  feen  lying  one  of 
the  Sea  Gods,  pouring  out  of  Water  through  an  Urn,  encompaf- 
fed  about  with  large  Moles  of  rude  unpoliih’d  Stone,  through 
and  over  which  the  Water  rifes  and  falls  in  a very  furprifing  Man- 
ner. This,  as  well  as  many  other  Pieces  of  their  Water,  is  a 
true  Specimen  of  the  Italian  Tafte,  which  is  not  made  up  of  Gew- 
gaws and  Trifles,  as  fome  in  other  Countries  are. 

Plate  LI.  Is  another  Ruftick  Fountain  in  the  Theatre  of 
th st  Villa  Aldobrandina , in  the  Belvidere  Gardens  at  Frefcati , which 
has  Water- Works  in  the  Stairs. 

I shall  not  take  upon  me  to  make  any  Enlargement  on  this 
Defign,  although  its  Situation,  which  is  amongft  very  large  Trees, 
Teems  to  make  it  look  very  rural. 
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Plate  LII.  Is  a Fountain  in  the  Walk  in  the  fir  ft  Wall,  which 
leads  up  to  the  Fraucifcan  Cloyfter,  the  Archite&ure  of  Giacomo 
della  Borta , and  is  by  home  laid  to  be  the  fiueft  Sight  of  all  the 
Water-Works  of -the  Frefcati,  though  I muft  own  that  there  is  no- 
thing in  the  View  of  it  in  the  Print,  that  leans  to  promife  lb  great 
a Character,  the  mod  thac  one  can  eolleT  from'it  being  chiefly  an 
Idea  of  iome  fine  Grotto. 

It  is,  as  appears  by  the  Infcription,  not  of  a very  antique  Ereftion, 
no  other  than  of  Clement  VIII.  Anno  'Domini  1605.  At  each  End 
where  the  Riches  are,  there  appears  to  be  two  Bathing  Rcxoms^ 
and  the  whole  Piece  being  of  the  Ionic  Order,  is  in  all  Likelihood 
no  inelegant  Entertainment  to  the  curious  Traveller. 

Plate  LIII.  Is  the  Fountain  of  the  Gallery  in  the  Gardens  of 
Belvidere , in  the  Palace  of  the  Vatican , belonging  to  the  Great 
Pontiff  at  Rome , the  Architebfure  of  Carlo  Maderno.  As  for  the 
farther  Defcription  or  Account  of  it,  with  the  judgment  which  is 
proper  to  be  pafs’d  on  a Defign  of  this  Nature,  I muft  leave  it  to 
the  Decifion  of  thofe  who  have  feen,  and  conlequently  underftand 
it  better  than  I do.  oe 

Plate  LIV.  Is,  I humbly  conceive,  compos'd  of  as  fine  a 
View  to  a Grove  of  Cyprelfes,  as  is  to  be  feen  in  any  of  the  Gar- 
dens of  Italy  : But  what  makes  it  the  molt  remarkable,  is,  the  two 
large  Moles  of  Stone,  on  the  Right  and  Left  of  the  middle  Walk, 
through  the  Middle  of  which,  a large  Stream  of  Water  ipouts  up 
into  the  Air,  and  falls  back  again  over  the  rude  Stones  in  various 
Forms.  This  Imitation  of  Nature,  fo  peculiar  to  the  Genius  of 
Italy,  is  lb  very  remarkable,  that  I can’t  but  with  great  Humility 
offer  it  as  a Specimen  to  the  Curious  in  Great  Britain. 

This  Fountain  is  fituate  in  the  Gardens  of  the  Family  d^Efle  at 
Tivoli . 

Plate  LV.  Is  a Fountain,  or  rather  Cafcade,  or  Theatre  of 
Water,  which  is  on  the  Top  of  the  Hill  near  the  Fraucifcan  Nun- 
nery, in  the  Villa  Aldobrandini,  or  Belvidere  Gardens  of  Frefcati 
which  is  convey’d  to  that  Place  by  a Current  of  Water  fix  Miles  in 
Length. 

. This  P;;ece  of  Water,  the  Fall  of  which  is  at  leaf!  S or  10  Foot 
high,  together  with  two  other  Arches  and  Mafques,  appears  to  be 
amongft  cite  Number  of  the  fineft  Water- Works  of  the  Frefcati , 

and 
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a p.d  from  which  a noble  Lord  in  Hampshire  (I  mean  my  Lord  Ly- 
mington ) feems  to  take  the  Model  of  one  he  has  at  D own- Hus  • 
band^nQM  Whitchurch , in  that  County. 

That  Variety,  as  well  as  Rurality  of  Trees,  which  appears  in 
the  Print,  to  be  on  each  Side  of  the  Cafcade,  muft  needs  make  a 
great  Addition  to  the  Noblenefs  of  this  Defign,  in  which  the  Ar- 
chitect Ins  followed  one  of  the  beft  Copies  of  Nature  ima- 
ginable. 

Plate  LVI.  Is  a Fountain  which  on  one  Side  appears  to  be 
upon  the  Fiat  in  the  Belvidere  Gardens  at  Frefcati , which  coming 
out  of  the  Side  of  the  Hill,  and  fet  in  rural  Works,  and  Rocks  of 
Stone,  muft  have  all  the  good  Effects,  that  an  Italian  Genius  can 

produce. 

The  Branches  of  Water  under  the  great  Arch  which  is  in  the 
Middle,  and  which  falls  very  precipitately  down,  together  with  the 
Tritons  and  great  Mafques  of  Water  which  are  on  each  Side,  through 
which  the  Water  runs  with-  great  Violence,  feems  much  to  excel  all 
the  Finery  and  Gaiety  of  the  French  Defigns,  and  the  Borders  of 
the  Fountain  being  all  of  Ruftick  Work,  appears  to  be  no  inconft- 
derable  Addition  to  the  Rurality  of  this  Delign. 

Pl  ate  LVII.  Which  is  call’d  the  Fountain  of  the  ‘Dove  in  the 
T amphibian  Palace  at  Rome may  (I  humbly  believe)  be  well  plac’d 
amongft  the  beft  Pieces  of  Art  (as  being  the  raoft  agreeable  to  Na- 
ture) of  any  that  are  found  amongft  the  Roman  Works. 

The  Structure  ol  the  whole  Fountain  appears  to  be  of  rough 
unpolifli’d  Stones,  chain’d  or  cramp’d  together  with  Iron, in  a rude, 
ruftick  Manner;  yet  fo  as  that  fome  Footfteps  of  Architecture  are 
plainly  difcoverable  : Of  that  Number  is  the  Impoft  at  the  lpringing 
of  the  Arches,  and  the  geometrical  Turn  of  the  Arches. 

I take  it  to  be  a great  Pity  that  there  are  no  more  Books  extant, 
and  that  fo  many  Noblemen  and  Gentlemen  that  travel  into  thofe 
Parts  have  brought  no  better  Account  as  to  the  Extent  and  Propor- 
tion of  thefe  Structures;  however,  this  EffeCt  I hope  thefe  Endea- 
vours of  mine  will  have,  that  upon  a View  of  thefe  cheap  and  ufe- 
ful  Beauties,  Rural  Architecture  will  get  Footing  in  thefe  Kingdoms, 
as  w ell  as  other  Countries  lels  able  to  perform  them  than  we  are. 

Plate  LVIII.  Is  the  Fountain  of  the  Sybils,  commonly  call’d  the 
Great  Fountain , where  the  Statues  of  the  Sybils  are  in  the  Niches, 
on  the  Side  of  the  Walk  of  the  little  Fountains,  in  the  Gardens  of 

o the 


4i  2 An  Introduction  to  a General  Syftem 

the' d’EJie  Family  at  Tivoli,  which  in  Refpeft  to  the  Beauty  and 
Juftnefs  of  the  Architect ure,  as  well  as  the  fine  Sheet  of  Water  it 
makes  through  a Grove  of  large  Trees,  may  be  juftiy  plac’d  amongft 
the  molt  curious  Pieces  of  Art  in  the  Italian  Gardens. 

. And  here  indeed  is  again  vifible,  how  great  a Pity  it  is,  that  we 
have  not  the  exaft  Dimenfions  of  this  and  other  Fountain-Works  de- 
lineated and  brought  over  for  our  Imitation:  Buildings  of  this 
Kind  in  Stone,  would  be  indeed  fome,  (though  not  a very  great)  Ex- 
pence, but  as  we  have  Plenty  of  Hedge-Yews  ready  grown,  it  would 
be  very  eafy  to  imitate  fuch  a Defign  as  this  is , in  a few  Years. 

C 

Plate  LIX.  One  of  the  laft  Plates  I fhall  .produce,  and  which 
twill  in  a very  handfome  manner  compleat  this  Colle&ion,  is  a View 
of  the  Cafcade  under  the  Organ,  in  the  Plan  of  the  Gardens  of 
d’EJie  at  Tivoli , in  which  may  be  feen  all  that  can  pollibly  be  de- 
Tir’d  as  beautiful,  either  in  Art  or  Nature. 

I shall  at  prefent  pafs  by  the  Account  that  might  be  given  as  to 
the  Pleafure  of  having  Organs  play’d  by  Water  falling  down  from 
fo  great  a Height,  that  being  already  hinted  at  in  the  third  Book  of 
this  Treatife,  which  relates  to  Hydraulicks.  But  whoever  views 
how  judicioufiy  and  agreeably  Art  and  Nature  are  here  mixt  toge- 
ther, and,  above  all,  how  much  of  the  latter  is  here  predominant, 
mult  confefs  that  this  is  the  moll  furprizing  of  any  of  the  Water- 
works o i Italy  yet  produc'd. 

- This  Cafcade,  or  Fall  of  Water,  which  can't  be  lefs  than  50  Foot 
perpendicular,  breaking  out  as  it  does  from  feveral  Parts  of  the  Rock, 
land  dafh’d  to  Pieces  in  its  Cadence,  may  well  be  a Surprize  to  all 
.who  earneftly  behold  it.  It  is  in  this  that  the  Water- Works  of  Italy 
fo  much  exceed  thofe  of  France,  even  as  much  as  the  rude,  but  maf- 
terly  Strokes  of  Nature,  exceed  the  mofb  delicate  ones  of  Art. 

Plate  LX.  After  I have  produc’d  fo  many  noble  Drafts  and 
'Defcriptions  of  Water-Works,^  it  may  feem  _ a very  great 
Prefumption  in  me  to  offer  one  of  my  own  Invention,  which  muff 
•fey  that  great  Number  of  good  Defigns  which  go  before,  be  much 
'eciipfed  ; and  all  that  lean  fay  in  Extenuation  of  the  Plate  I offer  in 
<the  lafr  place,  is,  that  it  is  fomething  like  the  W$ter- Works  of  Italy , 
and  that  if  there  is  any  thing  which  is  valuable  in  it,  it  is  in  a great 
Meafure  owing  to  the  Idea's  I have  form’d  from  thofe  Works. 

; On  e of  thefe  Kind  of  Cafcades  I have  fometime  fince  made  at  Spy 
'~:Park  near  Sand]- Lane  IVils,  on  the  Left  Haqd  of  the  Road  going 
to  the  Bath,  which  though  done  with  very  poor  materials,  yet  ad- 
‘V;a  o mits 
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mits  of  fuch  a Variety,  as  fome  good  Judges  who  have  been  Abroad 
feem  to  like,  and  think  equal,  at  leaft,  to  any  in  the  French  Gar- 
dens ; the  Falls  of  the  Water  being  over  Steps  and  rough  Work  of 
different  Kinds  and  different  Heights,  of  about  30  or  40  Foot  Fall. 

The  Defign  here  produc’d,  was  made  (though  not  finifh’d)  lor  a 
young  Nobleman  of  Hampshire jfome  little  Time  ago  deceafed,  where 
the  Water  indeed  is  not  fo  plenty  as  it  is  in  the  Defign  mention’d  in 
the  laft  Paragraph;  but  the  Fall  of  it  is  fhorter,  and  more  precipitate, 
the  Dependancefrom  the  Top  of  theRelervoir  to  the  Bottom  being  near 
^oFooyand  the  Turnings  and  Windings  of  the  Water, with  the  different 
Forms  of  the  Cataracts  over  which  it  was  to  fall,  would  have  pro- 
duc’d (had  it  been  finifh’d)  all  the  Variety  that  fuch  a Place  would 
allow.  Nor  is  this  Kind  of  Work  expenfive,  the  Workmanship  of 
the  whole  rough  Stone-Work  not  coming  to  above  100 1. 

At  the  upper  End, above  the  Bafon,is  the  Defignofa  Cave, or  Grotto 
at  the  Foot  of  the  Hill,  where  Neptune  is  plac’d  upon  his  oufy  Bed,  or 
Couch,  and  delivering  Water  to  the  Falls  below,  and  what  would 
have  been  very  well,  was,  that  at  the  Bottom  of  the  fa  id  Cafcade  af- 
ter the  Water  had  fhew’d  itfelf  in  this  fportive  manner, it  was  defign’d 
to  fupply  all  the  Gardens  and  Houfe  which  lie  below;  and  this  Supply 
of  Water  was  to  have  been  from  a large  Relervoiron  one  Side  of  the 
Hill, collected  from  Engines,  Rains,  &c. 
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Chap.  XXXV.  Prop.  I. 

’That  Air  way  he  comprefs'd , but  not  Heater. 

\ L L,  or  mod  of  thefe  Propo- 
rtions, (with  many  others  to 
the  fame  Purpofe,)have  already 
been  demonftrated  and  explain- 
ed by  Wallis,  Boyle,  and  others, 
when  we  have  been  treating  of  the  Gra- 
vity, Elasticity,  and  Impulle  of  the  Air, 
and  other  Fluids:  But  their  Truth  is  laid 
down  by  the  famous  De  Cans , (w'ith  that 
Plainnefs,  Freedom,  and  Facility,)  in  his 
Short,  but  excellent  Book  of  the  Theory  of 
the  Conditd  of  Water , in  the  firft  feven 
Pages  of  it,  that  I can’t  but  produce  it  as 
a brief  Capitulation  or  Compendium  of 
what  all  the  other  Authors  on  this  Subjcdl 
have  in  their  more  voluminous  Works  laid 
down. 

To  begin  : Let  there  be  two  Velfels, 
A and  B,  of  one  Form, Matter,  andBig- 
nefs,  Fid.  Fig.  7.  No  1.  Plate  32.  the 
which  let  be  full  of  Water;  it  ismoftcer- 
tain,  that  in  either  of  thofe  VefTels  the 
Water  cannot  be  prefl,  fo  as  the  one  of 
thofe  VeSTels  may  contain  the  lead  Part 
that  may  be  more  than  the  other:  But 
when  they  are  only  full  of  Air,  I fay  that 
the  Grid  Air  maybe  preSl,  and  one  of  thofe 
VeSIels  may  contain  more  than  the  other ; 
which  final  1 be  thus  demonftrated : Let  the 
Said  Velfels  A and  B be  made  very  clofe 


on  all  Parts,  and  at  the  Bottom  of  the 
Velfel  B,  let  there  be  a final  1 Hole  E,  to 
which  the  Pipe  ED  is  fattened,  the  other 
End  thereof,  D,  is  fastened  to  the  upper 
Part  of  the  Velfel  C,  the  which  is  allb 
made  very  clofe  on  every  Side,  and  con- 
taining about  a third  Part  of  the  Velfel  B; 
and  to  make  the  Water  enter  therein  with 
Borce,  it  will  be  necelfary  to  fallen  the 
Pipe  F near  to  thcBottom  of  the  Velfel  C, 
the  which  mult  be  madeas  high  as  may  be, 
that  it  may  give  fo  much  the  more  Vio- 
lence to  the  Water,  which  entering  the 
final  1 Velfel  C,  will  make  the  Air  that  is 
therein,  to  afcend  into  the  V eSfel  B,  which 
will  contain  more  Air  than  A,  by  the 
Quantity  which  was  in  C;  and  lo  the  Air 
will  be  prefi  in  the  laid  Velfel  B;  which 
may  be  feen,  if  you  make  a fmall  Hole  in 
the  Grid  Velfel,  by  which  the  Air  will 
come  forth  with  Violence.  But  if  you 
pierce  the  Velfel  A,  there  will  not  be  the 
lame  Effect ; becaufe  in  it  the  Air  is  not 
pteft.  But  it  is  here  to  be  obferved,that 
although  the  Air  may  be  prefl,  it  is  but 
only  to  a certain  Degree,  which  is  about 
a third  Part:  And  for  Proof  thereof,  if 
the  Veffel  C were  as  great  asB,  it  were 
impoffible  that  the  laid  Velfel  fhould  be 
filled  with  Water,  but  that  the  Air  will 
olten  break  forth,  and  that  becaufe  B is 
not  capable  to  contain  fo  much  Air: 
Therefore  let  it  be  held  that  the  Air  may 
be  prefl:  in  a clofe  Velfel  to  a certain 
Degree.  There  is  another  Way  to  force 
G g the 
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the  Water  with  Violence  into  the  fmall 
Veil'd,  by  Means  of  a Syringe,  as  in 
Fig.  7.  No  2,. 

Prop.  II.  That  Water  cannot  enter  into 
a FeJJcl , but  there  mufl  come  forth  as  much 
y Hr , except  the  Water  be  fent  in  by  Force. 
To  aemonftrate  this,  let  there  be  a Vef- 
fel,  as  A,  Fid.  Fig.  8,  No  1.  Plate  32. 
and  let  the  Pipe  X be  faflened  in  the 
Cover  thereof,  lb  that  it  may  near  touch 
the  Bottom  of  the  faid  Veil'd;  and  let 
the  lmall  Veil'd  D be  faflened  to  that 
End  of  the  Pipe  which  is  without  the 
Veil'd:  Then  if  you  pour  Water  into 
the  faid  Velfd  A,  until  it  comes  to  be 
of  the  Height  V,  which  is  the  End  of 
the  Pipe,  and  then  the  Air  being  fhut  in 
the  Veifel  A,  hinders  'the  Water  which 
is  in  D,  from  entering  into  the  Veifel 

A.  But  it  is  to  be  noted  in  this  Rule, 
that  if  the  Water  be  forced  into  the  VeP- 
fel  A with  Violence,  it  may  be  filled  to 
a third  Part,  or  thereabouts ; and  the  faid 
Violence  is  caufed  > if  the  Pipe  X be 
made  very  long,  or  if  you  force  theWa- 
ter  in  with  a Syringe,  as  hath  been  faid, 
and  as  may  be  fecn  in  Fig.  2.  No  2. 

Corol.  Prop.  III.  It  follows,  by  the  con- 
trary Reafon , that  if  a Vejjel  be  full  of 
IFater , it  cannot  be  emptied  fo  that  the 
Air  Jloall  not  enter  therein.  As  let  the 
Veil'd  or  Vial  D,  Fig.  9.  Plate  32.  be 
propofed,  which  let  be  full  of  Water, 
and  let  it  be  reverfed,  fo  as  the  Mouth 
or  Neck  may  touch  the  Water,  which 
fhall  be  fet  under  it  in  a Veil'd;  it  is 
certain,  that  although  the  Mouth  of  the 
faid  Vial  be  downwards,  no  Water  will 
run  out.  becaufe  the  Air  cannot  enter  to 
fupply  the  Place  of  the  Water  that  fhould 
run  out. 

Prop.  IV.  There  can  be  no  total  Vacuity. 
This  is  that  which  hath  been  faid  before, 
the  Proof  whereof,  may  be  gathered  from 
the  foregoing  Corollary,  and  divers  other 
Examples,  whereof  here  is  one:  If  you 
have,  Fid.  Fig.  10.  Plate  32.  a Copper  Pipe 

B,  whereof  the  End  C is  in  the  Water, 
and  let  the  other  End  D be  open,  to  the 
End  that  the  Peille  A may  be  put  there- 
in, which  will  be  like  to  thofe  which 


are  ufed  for  Pumps  and  Forcers  of  Wa- 
ter; and  that  the  faid  End  A,  be  well  en- 
vironed with  Leather,  to  the  End,  that 
putting  Water  in  E,  it  may  not  run 
through  to  B;  then  if  A be  raifed  to  the 
Point  B,  the  Water  X,  which  is  level 
with  the  Point  C,  will  afeend  to  B,  to 
fupply  fo  much  Place  as  is  between  A 
and  F;  fo  the  Water  afeends  higher  than 
the  Level,  that  there  fhould  be  no  void 
Place  left  in  B. 

Prop.  V.  If  the  Air  be  prejl  in  a Fef- 
fel  wherein  there  is  Water , and  that  you 
give  it  Pafjage  by  fame  'Pipe,  the  faid 
Water  will  come  forth  with  Fiolence.  If 
the  Air  be  prefl  in  the  Veifel  X,  Fid. 
Fig.  1 1 . No  1 . OS'  2.  Plate  32.  (let  it  be  by 
Means  of  a Syringe,  or  by  a Pipe,  as- 
hath  been  faid  before,)  it  is  certain  that 
then,  when  the  Water  hath  pailage,  it 
comes  with  a great  deal  more  Force 
than  if  it  came  torch  from  an  open  Vef- 
fel,  as  B. 

Prop.  VI.  If  the  Water  defeends  with 
Fiolence  into  tv:o  equal  Feffels,  there  will 
enter  more  Water  into  that  Fefjel  where 
the  IFater  defeends  from  the  higheft  Place , 
and  the  Air  will  be  more  prejl  therein ; and 
there  Jloall  be  the  fame  Rate  or  Proportion 
between  the  Quantity  of  Water  contained, 
in  thofe  Fejjels , as  there  is  between  the 
Heights  from  whence  the  Water  hath  de~ 
Jcendcd.  Let  there  be  two  Vcifels,  B 
and  C,  Fid.  Fig.  1 2.  No  x.  & 2.  Plate  31. 
to  which  the  Water  defeends  with  Vio- 
lence by  the  Pipes  M and  N,  the  longdl 
of  which  is  N,  from  whence  it  follows 
that  there  enters  more  Water  in  the  Vc fi- 
fe 1 C,  than  in  B;  nr.d  there  is  the  fame 
Rate  of  the  Water  D to  the  Water  O, 
as  there  is  of  the  Length  of  the  Pipe  N 
to  the  Length  of  the  Pipe  M.  And  it 
alfo  follows  from  hence,  that  in  thcVef- 
fel  C,  where  there  is  more  Water,  the 
Air  will  be  more  prcll  than  in  B;  and 
the  Effects  thereof  may  be  fecn  by  the 
fmall  Pipes  P and  X,  of  the  which  two, 
P calls  the  Water  higheft;  becaufe  the 
Air  is  more  preft:  in  the  Veifel  G,than  in 
the  Veifel  B.  In  the  fame  Manner  as  be- 
fore, we  may  proportion  the  Air  of  the 
two  Veffels  to  the  Heights  of  the  Water 
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fpringing  forth  by  the  fmall  Pipes  P and 
X,  the  which  ought  to  be  equal. 

Prop.  VII.  All  heavyT  kings  whatfoever , 
•weigh  more  in  the  Air  than  in  the  U 'ater. 
Although  every  heavy  Body  hath  always 
in  it  felf  its  proper  Weight,  yet  never- 
thclcfs  they  are  alfo  conlidered  diverlly, 
according  to  the  Place  where  they  are 
placed;  as  it  is  certain  that  Wood  weighs 
nothing  in  the  Water,  becaufe  it  doth  not 
defeend  towards  the  Center  of  the  Earth, 
which  is  proper  to  all  heavy  Things; 
but  if  it  be  in  the  Air,  it  falls  towards 
ifs  Center  with  Weight;  wherefore  we 
may  fay  that  it  weighs  more  in  the  Air 
than  in  the  Water:  And  fo  we  may  fay 
of  all  Bodies,  although  they  are  heavier 
than  the  Water;  for  although  they  fall  to- 
wards their  Center  of  Gravity  in  the  Wa- 
ter, yet  it  is  not  with  fuch  Swifttiefs.  It 
is  not  neceflary  to  fhew  here  by  what 
Quantity  the  laid  Heavinefs  is  more  weigh- 
ty in  the  Air,  than  in  the  Water;  fending 
the  Curious  to  the  Books  of  Archimedes 
concerning  Things  falling  in  the  Water; 
where  it  is  demonllrated , that  heavy 
Things  weigh  more  in  the  Air  than  in  the 
Water,  by  the  Quantity  of  Water  which 
is  equal  to  them. 

Corol.  It  is  here  to  he  obferved , that 
JTaters  are  of  divers  Weights and  they  fay, 
that  on  the  'Territories  of  Cara  in  Spain, 
there  be  two  Fountains , in  the  one  of  which , 
divers  Things  being  put.  Jink  to  the  Bottom , 
which  being  put  in  the  other , float  at  Top. 
'They  report  the  fame  Thing  of  the  Lake  of 
Sodom,  and  of  the  Fountain  of  Arethufa. 
The  which  Ejfelt  comes  to  pafs , by  reafin 
of  the  //  eight  of  the  Wat  er : And  from  hence 
we  may  infer , that  one  and  the  fame  Thing 
weighs  more  in  lighter  Water , than  in  hea- 
vier Water. 

Prop.  VIII.  Water  weighs  upon  that 
which  fujlaineth  it , according  to  its  Height. 
1 have  given  this  Example,  becaufe  divers 
have  deceived  themfelves  upon  this  Sub- 
ject, who  havethought  to  raife Water,  not 
confidering  theWeight,  when  it  comes  to 
be  raifed  very  high.  That  which  is  then 
to  be  underftood  by  this  Propofition,  is, 
that  the  Sucker,  Fid.  .Fig.13.N0 1.  Plate  31. 


being  at  the  End  of  the  Pipe  M,  to  fullain 
the  Water  which  is  within  the  laid  Pipe, 
that  the  Water  weighs  upon  it  according 
as  the  Height  thereof  lira!  1 be  in  the  Pipe. 
As  let  us  l'uppofe  that  the  Water  be  in  the 
Pipe  as  high  as  D,  and  that  it  weighs  10 
Pounds,  it  we  fill  the  laid  Pipe  to  E, 
which  is  as  much  again,  it  will  weigh 
40  Pounds;  and  if  we  double  it  again, 
it  will  weigh  80  Pounds:  And  accor- 
ding to  the  greater  or  lelfer  Height  of 
the  Water  within  the  Pipe  M,  the  Sucker 
C will  be  harder  or  ealier  to  lift  up,  which 
is  that  which  ought  to  beconfider’d,  when 
the  Water  is  to  be  raifed  very  high,  to  the 
Intent  to  proportion  the  Thicknefs  of  the 
Pipes  to  their  Height,  fo  as  the  Water  that 
is  in  them  may  not  be  too  heavy  for  the 
moving  Force.  It  is  alfo  to  be  obferv’d, 
that  in  Cifterns  the  Force  of  the  Water 
ought  not  to  be  taken  from  the  Bottoms 
where  the  Pipe  is  foldered,  but  from  the 
Superficies  of  the  Water  which  is  in  them, 
as  may  be  feen  in  the  Cillerns  A and  B, 
No  1.  if  3.  wherein  the  Water  that  is  in 
Bhath  more  Force,  becaufe  it  ishigherthan 
A,  although  the  Pipes  are  of  equal  Thick- 
nelfesand  Lengths.  But  of  this  much  has 
been  laid  already. 

Prop  IX.  The  Water  naturally  afeends 
near  to  the  Level  of  the  Place  from  whence 
it  did  defeend.  This  Propofuion  is  very 
intelligible,  and  is  as  much  as  to  fay,  that 
if  there  be  a Spring,  as  B,  the  Water 
whereof  enters  into  the  Receiver  C,  and 
if  there  be  a Pipe,  as  D,  defeending  right 
down,  or  obliquely,  the  Water  will  al- 
cend  therein  to  E,  which  is  the  Level  or 
Height  above  the  Velfel  C:  And  if  thefaid 
Veil'd  be  not  full  but  to  the  Point  F,  the 
Water  will  not.  afeend  through  the  Pipe 
D,  but  to  the  Point  G,  the  Level  of  the 
laid  Point  F;  and  although  the  Pipe  co- 
ming from  the  Velfel  C,  be  not  drawn  fo 
high,  if  the  End  of  the  Pipe  through  which 
the  Water  paffeth  be  fmall  and  the  Pipe 
great,  it  Ihall  afeend  to  its  Level;  but  ac- 
cording as  the  Ends  of  the  Pipes  through 
which  the  faid  Water  paffeth  ate  greater,  fo 
the  Water  is  deficient  in  its  Height.  Tin's 
may  be  feen  in  the  Figure,  by  the  fmall 
Pipes  XZP. 
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This  Propofition  has  been  already  de- 
monftrated  by  Merriatte,  Vid.  Fig.  6.  No  3. 
of  this  32d  Plate,  but  this  Demonftration 
of  iZL  Cans' s being  fo  very  plain  and  ea- 
fy,  I thought  I could  not  do  better  than  to 
infert  it  in  its  proper  Courfe.' 

Prop.  X.  Of  the  Syphon  or  Crooked  Pipe 
by  which  the  Water  is  drawn  jorth.  This 
Pipe  is  i.i  Ufe  in  divers  Places,  and  hath 
been  treated  of  by  Hero  of  Alexandria. 
But  it  mod  not  be  here  omitted,  becaufe 
it  falleth  feveral  Times  in  U fe  for  our  Sub- 
ject, and  alfo  to  underftand  the  Reafon 
thereof.  This  Pipe,  then,  is  called  by  fe- 
vcral,  a Syphon,  and  hath  that  End  which 
is  without  the  VelTel,  longer  than  the  o- 
tb,er ; and  if  the  Air  be  drawn -forth  which 
is  within  the  Paid  Pipe,  when  it  begins  to 
run  it  will  not  ceafe  till  it  has  emptied  the 
Veffel  as  high  as  the  other  End;  and  that 
which  in  £ffe£t  may  feem  ttrange,  of  the 
Paid  Syphon,  is,  that  the  Water  rifeth 
higher  than  the  Top  of  theVeffelby  the 
Paid  Pipe,  the  Reafon  whereof  maybe 
given  thus:  Let  the  Veffel  be  B,  Vid.  Fig. 
jy.  Plate  32.  and  the  Syphon  C V X,  and 
let  the  Top  thereof  be  V,  and  the  End 
VX  longer  than  V C;  then  when  theAir 
which  is  in  it  is  drawn  forth  by  the  End 
M,  the  Water  of  the  Veffel  B enters 
therein  to  fill  the  Place.  Now  it  being 
full,  the  Water  contained  from  V to  X, 
being  more  heavy  than  that  fromV  toC, 
makes  it  run  towards  M ; and  as  that  Wa- 
ter cannot  runout  ofthcPipe,  unlefs  there 
enter  fomething  therein  to  fill  the  Place, 
and  the  Air  cannot  enter  the  Water  by  any 
Place  of  the  Veffel  B,  the  Water  will  af- 
cend  till  it  comes  to  empty  it  felf  to  the 
Height  of  C,  and  then  the  Air  entering 
therein,  the  Courfe  of  the  Water  will 
ceafe. 

Prop.  Xf.  Of  another  Kind  of  Syphon , 
and  how  the  Air  may  be  drawn  forth  by  the 
Means  of  another  VeJJel.  There  may  be 
made  divers  Kinds  of  Syphons ; but  be- 
hold here  one  which  feems  to  be  molt 
different,  which  neverthelefs  depends  up- 
on the  fame  Reafon  with  the  former.  Let 
she  Veffel  be  B,  Fid.  Fig.  1 6.  No  1.  Plate 
and  let  the  Pipe  D.  C be  foldered  to 


the  Bottom  patting  through  it:  Thenkt 
one  End  of  the  Pipe  AXZ  be  put  about 
it,  fo  as  the  End  X may  be  clofed  and 
foldered  fo  as  the  Water  may  not  enter 
but  by  AZ,  but  AZ  muft  not  touch  the 
Bottom:  Therefore  the  Pipe  AXZ  mull 
be  fattened  to  the  Pipe  D by  two  fmall 
Tennons,  M and  N,  and  it  mutt  be  ob- 
ferved,  that  the  faid  Pipe  AXZ  ought 
to  be  made  of  fuch  a Thicktiefs  that  the 
Water  contained  between  it  and  the  Pipe 
D,  may  be  equal  to  the  Water  which  is 
in  D;  which  being  done,  the  Water  may 
be  drawn  forth  by  D,  and  perform  the 
fame  E.ffefl  as  the  former.  But  if  either 
the  one  or  the  other  of  thofe  Syphons 
contains  fo  much  Air  that  it  cannot  be 
drawn  forth  by  Afpiration,  there  mutt  be 
made  a Veffel,  as  P,  very  clofe,  and  fol- 
dered on  all  Parts,  and  it  fhouldhave  one 
End  F to  join  with  D,  which  Veffel,  fill 
with  Water,  and  join  F and  D together, 
without  taking  Air  ; then  if  you  turn  the 
Cock  R ,Vid.  Fig.  16.  No  3,  the  Water  that 
runs  forth  from  the  Veffel  P,  will  draw 
the  Air  of  the  Syphon,  and  make  it  run. 

Prop.  XII.  The  Water  runs  equally  by 
the  Means  of  a Syphon , if  the  End  by  which 
the  Water  of  the  faid  Syphon  afeends,  doth 
only  touch  the  Superficies  of  the  Water  of  the 
Veffel.  Becaufe  that  in  the  foregoing 
Pipes  the  Water  runs  not  equally,  being 
flower  at  the  End  thau  at  the  Beginning, 
it  (hall  be  fhewn,  in  this  Example,  how 
it  may  run  equally,  that  is,  if  to  the  End 
A of  the  Pipe  A C,  Vid.  Fig,  12.  No  1. 
Plate  32.  a fmall  Veffel  of  any  Matter 
be  put,  let  it  be  what  it  will,  fo  that  it  may 
float  upon  the  Water,  and  the  End  A of 
the  Pipe  AC  be  put  through  the  fame,  fo 
as  the  End  may  touch  the  Superficies  of 
the  Water,  it  is  certain,  that  the  End  C 
will  run  equally;  which  is  not  fo  in  other 
Syphons,  which  run  always  fw  After  at  the 
Beginning  than  at  the  End. 

It  will,  not  in  this  Place,  I humbly  fup- 
pofe,  be  improper  to  take  Notice  of  an 
Enquiry  that  I have  often  heard  made  by 
fome  ingenious  Gentlemen,  which  is, 
Why  Water  will  not  always  rife  and 
run  by  the  Gravitation  of  the  Atmolphere, 
fo  as  that  it  rpay  be  tranfported  from 

one. 
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one  Valley  to  another,  as  fome  Books 
of  Engineering,  and  the  general  Notion 
of  the  Atmofphere  gravitating  on  every 
Thing  below  it,  would  make  one  believe. 

In  Anl'wer  to  this,  and  to  explain  what 
I am  about  to  deliver  on  this  Head,  it 
mud  be  obferv’d,  that  Air  is  of  fo  inii- 
nuating  a Quality,  that  it  will  find  its 
Way  into,  and  deffroy  the  Adliotior  Gra- 
vitation of  the  Atmofphere,  by  an  Equi- 
librium, that  for  want  of  a repeated  Suc- 
tion in  the  afcending .Pipe  or  Pipes,  it 
would  otherwile  indeed  be  in  a conti- 
nued Motion,  and  would  with  great  Eafe 
and  Certainty  convey  the  Water  from 
one  Valley  to  another. 

To  come  to  Example,  (F id.  Fig.  18. 

P late  32,.)  let  A be  the  Valley  from  which 
the  Water  is  to  be  tranfported  through 
the  highefl  Part  of  the  Syphon  B,  and  to 
run  out  at  D into  the  oppolite  Valley. 
If  (lay  thefe  ingenious  Enquirers)  it  (liould 
be  true  that  the  Atmofphere  will  raife 
Water  33  or  34  Feet,  the  Height  of  the 
Hill  E,  by  B,  into  the  Valley  I),  or  low- 
erl,  why  if  once  exhauited  of  the  im- 
peding Air,  and  fet  to  work,  will  not  this 
Syphon  perform  this  Operation,  this  Tranf- 
portation  of  the  Water  in  an  uninterrup- 
ted Manner?  To  this  fay  thofe  that  are 
experienc’d,  that  all  or  mod  Syphons, 
Springs,  and  Pumps,  run  always  fwifter 
at  the  Beginning,  than  at  the  End  ; for 
Air  being  eladick,  and  fo  confin’d  to  no 
Regularity,  will  be  always  infinuating  it 
ft  If  at  D,  and  taking  its  Courfe  through 
the  Pipe  by  B,  and  more  Air  infinuating  it 
ftlf  through  the. Mole  orMafs  of  Earth, 
and  crowded  into  all  the  Pores  and  Inter- 
dices it  can  meet  with,  impedes  and  de- 
llroys  the  Afcent  of  the  Water,  till  by  the 
Repetition  of  the  Strokes  by  a Man  or  o- 
ther  Movement,  plac’d  fomewhere  about 
C,  there  is  a new  Suction  of  the  intruding 
Air  perform’d  in  the  Pipe  AC,  which  lo- 
sing its  Force  by  that  interior  ExGhftion, 
the  exterior  Air  gravitating,  as  has  been  be- 
fore deftrib’d, on  the  Surfaces  and  Bowels  of 
he  Hill  at  or  about  A,  riles  the  Water  over 
at  B,  as  is  before  deftrib’d. 

W e fee  even  in  final  1 Syphons,  as 
Cranes,  with  which  Wine  is  decanted. 


that  the  Infinuation  of  the  Air  is  fuch, 
that  Wine  will  not  always  keep  on  its  re- 
gular Afcenr,  without  the  Butler  puts  his 
Mouth  fometimes  to  it,  to  give  it  a new 
Sudtion;  muchlefs  can  it  be  expetded  that 
a Syphon  or  Crane  33  or  34  Foot  high, 
and  which  is  liable  to  beltopt  by  the  lead 
Interpofition of  the  Air,  fhould  continue, 
its  Atdion  without  a continual  Exfudtiou 
and  Attendance.  And  this  we  know  holds 
good  in  Pumps,  Syringes,  &c.  which, 
otherwife  would  beufelefs  Engines;  but 
if  good,  are  call’d,  Atmofphere  Pumps. 

Chap.  XXXVI.  Amongjl  the  Works  ofi 
the  celebrated  La  Bion,  / find  a Gauge 
&c.  This  Gauge  is  defend'd  Fig.  22I 
‘Plate  32.  and,  as  Morifieur  Marriottehas 
it,  p.  190.  of  the  Englijh  Edition,  may  be 
eafily  calculated  the  Number  of  Inches, 
which  the  River  Seine  gives:  For  fincc 
there  paffes  under  the  Eed  Bridge  in  one. 
Minute  200,000  Cubic  Feet  of  Water,  if 
we  multiply  35%  which  is  the  Number  of 
Pints  which  a Cube  of  one  Foot  contains, 
by  200, poo,  we  (hall'have  7,000,00a Pints ; 
which  being  divided  by  14,.  give  5-00,000* 
which  is  the  Number  of  Inches  which  the 
River  Seine  gives,  when  it  is  at  a mode- 
rate Height. 

If  we  have  a Alina  to  calculate  what- 
Quantity  of  Water  goes  through  large 
Paffages,  as  through  a fquare  Fathom,  it 
is  necedary  to  conltder  the  Height  of  the 
Surface  of  the  Water,  above  the  Middle 
of  the  upper  Part  of  this  fquare  Hole, 
through  which  the  Water  is  luppofed  to 
run.  Let  it  be,  for  Example,.  5 Feet,  there 
will  be  then  8 Feet  from  the  Top  of  the 
Water  to  the  Middle  of  the  fquare  Fa- 
thom. The  Produdt  of  S by  13  is  104 
whofe  Square  Root  isvery  near  10  and 
as  13  is  to  iof,  fo  is  14  to  1 1 nearly  : And 
becaul'e  a round  Inch  is  16  Times  greater 
than  a round  Flole  of  3 Lines,  an  Inch 
with  8 Foot  of  Water  above  it,  will  give 
16  Times  rx  Pints,  or  176  Pints;  which, 
being  divided  by  14,  give  12  Inches  f for 
an  Inch  Diameter  of  the  Hole.  Around 
Hole  of  one  Foot  Diameter,  gives  an  144 
Times  more;  the  ProdufI  of  127  by  144, 
is  1810;  the  round  or  cylindric  Foot  then 
will  give  1810  Inches.  The  round  T*oife 

contains. 
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contains  36  Times  a Cylinder  of  1 Foot  : 
T he  I roduA  ot  fr  by  1810,  is  65-160  ; as 
11  is  to  14,  fo  is  65-160  to  82930.  Then 
a Paflage  of  a fquare  Fathom  having  <• 
Feet  of  Water  above  it,  will  give  82q-'0 
Inches.  3 

From  thence  we  fnall  find,  that  if  the 
River  Seine  were  ftopt,  when  it  is  fwell’d 
a little  above  its  ufual  Greatnefs,  and  was 
rats  d 8 Feet  above  a fquare  Hole,  10 Foot 
high,  and  18  Foot  wide,  it  would  go  all 
outthrough  fuch  a Hole:  For  therewould 
beaDillnnce  of  13  Feet  from  the  Surface 
ot  the  Water  which  was  llopt,  to  the 
' Center  of  the  Circle,  which  would  have 
10  Feet  Diameter;  and  it  would  give 
through  an  Hole  of  3 Lines  Diameter,  an 
Inch  ot  Water:  Through  one  of  an  Inch 
.Diameter,  it  would  give  16  Inches ; thro’ 
-one  of  a Foot,  144  Times  16  Inches 
which  makes  23^4  Inches:  And  multi- 
plying this  Numberby  100,  the  Squareof 
10  Feet,  which  is  the  Ereadth  of  the 
Hole,  we  (hould  have  230400 ; and  accor- 
ding to  the  Proportion  of  the  Circle  to  the 
circumfcrib’d  Square,  which  is  of  n to 
Mj  we  fhould  find  very  near  ■293236 
fquare  Inches;  and  adding  to  it  8 Feet  in 
Length,  we  fliould  havemore  thanyooooo 
Inches;  which  is  what  the  River  Seine 
gives  at  a moderate  Height,  as  has  been 
laid  before;  and  confequently  it  would  all 

go  out  through  a fquareFIole,  which  thould 

have  iS  Feet  in  Length,  and  10  Feet  in 
Height. 

If  Water  runs  through  an  Aquedudl  or 
through  the  Channel  or  a River,  in  agen- 
tle  uniform  Declivity,  it  will  acquire  in  a 
moderate  Space  a Velocity,  which  will  in- 
creafe  no  more:  For  the  Friction  of  the 
Banks,  and  the  Bottom  of  the  Channel 
and  the  Parts  of  the  Water  being  turn’d’ 
oyer  one  another,  and  the  Refinance  of  the 
Air  to  the  little  Waves  which  are  in  the 
■Surface,  caufe  it  to  lofe  a Part  of  its  Ve- 
locity; and  confequently  it  cannot  acce- 
lerate its  Motion,  but  to  a certain  Velo- 
city which  it  acquires  in  a little  Time. 
From  whence  it  follows,  that  if  a River 
has  run  through  a pretty  long  Space  in  a 
certain  Inclination,  and  that  it  runs  after - 
■ v.  ards  in  a lefs  fteep  Inclination,  that  is  to 


fay,  along  a Plane  lefs  inclin’d,  it  will  <fi. 
munlh  its  Velocity:  For  fince  it  will  have 
acquir  d in  the  firft  Inclination  all  the  Ve- 
locity which  it  can  have  by  it,  and  could 
not  have  been  able  to  acquire  by  a lefs  • 
rt  follows,  that  rts  Velocity  will  leiren  by 
Degrees  in  that  Inclination  which  is  lefs 
tilMr  be  reduc’d  to  that  Velocity  only’ 
which  it  can  acquire  by  this  gentler  Decli- 
vity. 

Thus  far  Marriotte.  And  from  thefe 
Rules  it  is,  that  an  ingenious  anonymous 
Author  of  our  own  Country,  in  his  Ac- 
count of  Meteorology,  calculates  the 
Quantity  of  Water  which  runs  through 
Kingflon  Bridge.  b 

the  Bottom;  where  we  fliall find, that tho’ 
a cncular  Hole  of  a French  Inch  (i  e 1 a 
Engl,A)  give  72  Paris  Muids  or  Barrels 
m 24  Hours,  y et  .as  the  Paris  Muidisnot 
equal  to  our  Fngl.fr  Hoglhead,  though  by 
lome  conhderable  Authors  it  is  fuppos’d 
to  be  the  lame  Inch  of  Water  will  give 
but  about  ypHogCeads  and  a Half  in  the 
fame  rime. 

Again;  when  we  calculate  the  Water 
which  comes  over  the  Head  of  a Cafcade 
or  through  a fquare  Pipe  or  Trough,  there 
is  likewife  lome  Difference,  at  leaf! as  1 r 
is  to  14;  from  whence  I lay  ir  down  as 
a general  Rule,  that  though  a circular 
Hole  of  1 Inch  Diameter  give  but  yf 
Hogfheads  t,  yet  a fquare  Trough  orPine 
ot  an  hich  win  give  70  Hogfheads  ,2 
which  is  fomethmg  more  than  Half  a One. 

Let  there  then  be  aBay  or  Cafcade  of  Wa- 
ter of  20  Foot  wide,  which  is  240  Inches 
and  that  the  Water  is  regulated  exaftlv  to’ 
run  or  tumble  over  the  faid  Bay  or  Cafcade 
halt  an  Inch  thick,  which  is  120  Inches 
Squareof  Water,  that  Cafcade  will  take 
(according  to  the  foregoing  Calculation) 
ii47f  Hogfheads  to  fupply  it  a whole 
Day,  though  where  Water  is  brought  bv 
an  Engine;  or  the  Supply  of  the  Springbe  * 

penurious, 
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penurious,  'the  Playing  of  that  Cafcade  6 
Hours,  will  be  fufficienc. 

To  regulate  and  make  the  Expence  of 
Water  that  is  to  tumble  over  a Cafcade 
very  certain,  and  which  is  of  great  Ufe 
where  the  Water  comes  in  a penurious 
Manner,,  the  Right  Honourable  the  Lord 
Middleton,  at  Middleton  ill  IVarvjickjhire , 
has  made  a Contrivance  which  1 think  pro- 
per to  mention  in  this  Place,  beeaufe  I ne- 
ver faw  it  in  a Book,  or  clfewhere  put  in- 
to Praftice,  but  there,  and  which  will  be 
fufficiently  explain’d  in  Fig.  19.  Plate  32.. 
to  this  Chapter  annex’d. 

A reprefents  the  Canal  from  whence 
the  Water  comes,  B the  Head  or  Bay, 
made  of  Stone,  and  CCCC  the  Steps  over 
which  the  Water  falls : Now  in  the  Head 
B there  are  feen  4 Holes,  of  what  Dia- 
meter you  pleafe,  into  which  Plugs  are  to 
be  pur,  to  keep  the  Cafcade  from  running 
at  all  when  the  Water  is  fcarce,  or  you 
have  not  a Mindto  play  it. 

At  the  Bottom  of  the  Head  B there  are 
Pipes  which  go  under  it,  and  communi- 
cating with  the  Canal  A,,  are  ready  to  fpoute 
up  their  Water  when  thofe  Plugs  are  ta- 
ken away,  but  yet  fo  as  that  it  will  not 
raifeit  higher  than  its  own  Level  at  A,  but 
yet  it  will  come  out  very  quick,  and  the 
Cafcade  will  abound  with  a greater  or  lef- 
ier  Quantity  of  Water  in  Proportion  to 
the  Number  of  Pipes  you  open,  or  the 
Plugs  you  take  away;  fometimes,  perhaps, 
the  Water  will  be  plenty  enough  to  let 
you  open  one,  fometimes  two,,  fometimes 
three,  and  fometimes  all  four  of  the  Holes. 

I fhould  before  have  noted,  that  the  Wa- 
ter of  the  Canal  A,  is  kept  up  to  a con- 
fhrut  Gage,  by  a thin  StoneWork,  or 
Valve  of  YVood  at  a aaa.  Now  at  Hamp- 
ton Court , and  other  Places,  that  Barricade 
is  a Valve  of  thick  Board,  which  is  made 
to  turn  down  when  the  Water  plays;  but 
then  all  the  whole  Water  which  is  in  the 
Canal,  muft  of  NecelTity  run  off  in  a lit- 
tle Time,  as  low  as  the  Bottom  of  the 
Valve  ; and  if  there  be  not  a frelh  Supply 
behind,  its  A&ion  muft  foonceafe;  where- 
as u this  Invention  you  can  let  on  either 


more  or  lefs  Water,  as  you  fee  OccafTon, 
and  as  your  Supply  will  belt  allow.  A 
murmuring  or  dropping  of  Water  over 
fuch  a Head,  is  arnuling  enough,  but  5 of 
an  Inch  Thicknefs  is  generally  fufficient, 
and  i an  Inch  thick  of  Water,  the  moll 
that  need  be  allowed  to  any,  even  the  lar- 
geft  Cafcades : For  I have  obferv’d,  ef- 
pecialiy  where  your  Water  is  foul,  that 
the  Thicknefs  of  your  Water  rowling  o- 
ver  a Cafcade,  is  rather  a Blemilh,  than  a 
Beauty  to  it.  Note,  The  Head  of  the 
Cafcade  ought  to  be  at  lead  6 or  S'Foot 
thick,  and  made  battering  inwards,  for  e- 
very  Foot  high  it  ought  to  be  at  leall  a 
FootthickatBottom,  to  difehargethegreat 
W eight  which  muft  necefiarily  belaid  againfi 
it. 

Note  ult.  A farther  Account  of  the  Hif- 
tribution  of  IVatcr  from  Pipes  of  Condudi,. 
into  fmaller  Pipes , for  the  Supply  of  Povjus 
and  Gardens,  by  Jets , &.C.  The  Diameter, 
Thicknefs,  and  Proportion,  of  Pipes  of 
Condudf,  Adjutages,  &c.  having  been 
fully  handled  in  p.  126.  of  this 
Treatife,  there  will  be  little  ornoOcca- 
lion  for  me  either  ro  capitulate  or  enlarge 
upon  it  in'  this  Place.  But  the  particular 
Method  of  diftributing  of  Water  for  the 
Supply  of  Cities  and  Towns,  and  divers 
Parts  of  a Garden,  with  fome  particular 
Dire&ions  for  keeping  Pipes  of  Conduit, 
and  Adjutages,  clean,  and  from  flopping, 
up,  and  for  the  helping,  if  not  the  entire 
Prevention  of  that  Friilion  and  Interpo- 
fition  of  Air  which  is  the  too  natural 
Confequence  of  all  Pipes  that  Water 
comes  through,  yet  remains  as  iieceffary 
to  be  enlarg’d  upon. 

To  know  how  to  manage  this  Diftri- 
bution  well,  let  AB,  Fig.  21,  betheHeight 
of  a Veilel  which  is  to  ferve  for  aGau°-e 
and  CD  the  Height  of  the  Water,  you 
muft  place  the  fquare  Holes  about  two 
Lines  below  the  Surface  CD,  in  an  hori- 
zontal right  Line  E N.  Now  if  this 
Gauge  be  divided  into  feveral  Squares  of 
an  Inch  everyWay,  as  EFPH,  &c.  they 
will  give  more  than  an  Inch;,  for  if  the 
circular  Holes  give  14  Pints  in  a Minute, 
the  fquare  ones  will  give  a Quantity  that, 
will  be  to  14,  as  1,4  to  1 x ; which  Pro- 
portion 
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5 portion  of  rq  to  ii,  is  pretty  near  that  of 
a Square  to  a Circle  of  the  fame  Dia- 
meter: If  then  a round  Inch  gives  14 
Puns  in  a Minute,  a fquare  Inch  will  give 
almoft  18  Pints;  for  n is  to  14,  as  14  to 
1 7u  I therefore  you  mull  divide  E F into 
,14 equal  Parts;  and  if  ER  contain  11  of 
thofe  Parts,  the  long  Square  ERSH  will 
be  very  near  equal  to  a circular  Inch, 
and  it  will  give  an  Inch,  that  is  to  fay,  14 
Pints  in  a Minute,  if  the  Water  in  the 
Gauge  VelTel  continues  at  the  Height  CD. 
\ou  may  make  feveral  Holes  regularly 
following  each  other,  equal  to  ERSH, 
under  the  fame  Line  EN,  as  RLTS, 
LMUT,  tsv.  and  if  you  would  give 
Half  an  Inch,  you  mull  divideoneofthefe 
long  Squares,  as  OQIG,  by  a middle 
Line  X Y,  and  each  Half  will  give  Elalf 
an  Inch,  that  is  to  fay,  7 Pints  in  a Minute, 
and  all  the  other  Divifions  the  lame,  if 
you  take  the  Third,  as  IKZQ,  or  the 
Fourth,  There  will  be  this  further 

Advantage,  that  if  the  Water  that  lupplies 
the  Pipes  diminiflies,  and  palling  through 
them,  fills  only  a Third,  or  the  Half,  or 
two  Thirds  of  the  Height  of  the  Holes  in 
the  Gauge,  every  Perfon  will  lofe  in  Pro- 
portion, which  cannot  be  when  the  Holes 
arc  round ; and  if  there  be  a little  more 
Friction  in  the  little  Holes  than  in  the 
great  ones,  the  Water  fupplying  the  Ex- 
pence through  a narrow  Palfage  better  than 
a wide  one,  will  compenfate  that  Defedt. 
If  you  would  give  3 or  4 Inches,  you 
mull  take  3 or  4 entire  Holes,  each  equal 
to  ERSH,  as  LTUM;  but  you  mull 
make  a little  Separation,  and  have  Pome 
Dillance  betwixt  the  Holes,  when  you  give 
but  an  Inch  to  each  Perfon;  for  their  Wa- 
ters would  be  confounded  together,  if 
there  were  but  2 or  3 Lines  betwixt  them ; 
the  Entrance  into  each  Pipe  mud  be  wide 
enough  to  receive  the  Water  of  eachDivi- 
fion. 

You  may  didribute  a Spring  to  feveral 
Perfons  in  a Town,  in  this  Manner : 

Suppofe  that  the  Spring  gives  40  Inches  of 
Water  in  the  Summer,  and  yo  Inches  in 
the  Winter,  and  yy  at  other  Times;  you 
mud  make  feveral  Refervatories,  as  F G 


HI,  Fig,  21.  where  the  Water  may  dif- 
charge  it  felf.  ; 

In  the  fird,  which  mud  be  the  greated 
you  mud  let  the  Water  rife  to  a determi- 
nate Height,  as  AB,  where  there  mud  be  a 
1 adage  tor  the  Water  to  run  further  on, 
and  Holes  for  the  fird  Didribution,  as  at 
CDE,  a Foot  below  AB;  Thefe  Holes 
may  be  wide  enough,  taken  together,  to 
let  20  Inches  pafs  through,  and  the  2y  re- 
maining Inches  will  pafs  above  AB.  It  is 
evident,  that  when  the  Water  is  dronged, 
the  Elevation  of  the  running  Water  will 
be  greater  above  AB;  and  when  the  Wa- 
ter is  weaker,  that  Elevation  will  be  lefs; 
but  not  above  an  Inch,  at  mod:  So  that 
when  the  Water  that  goes  into  the  Refer- 
vatory  is  yo  Inches,  20  and  a half  of  them 
will  go  through  the  three  Holes , and  only 
about  19  and  a half  will  pafs  through  them 
when  the  Water  gives  but  40  Inches.  We 
will  do  the  fame  in  Refpedl  of  the  Water 
that  paffes  above  AB  and  that  that  pafies 
through  the  Holes;  and  make  littleRefer- 
vatories  in  other  Partsof  the  Town  where 
we  may  dillributeto  particular  Perfons  the 
ay  Inches,  and  the  20  Inches;  always  ob- 
ferving  to  make  the  Holes  12  Inches,  or 
at  lead  10  Inches  below  A B.  At  la'll  it 
will  happen,  that  during  the  great  Plenty 
of  Water,  there  will  remain  y or  6 Inches 
of  Water,  which  maybe  given  to  the  Pub- 
lick,  in  fome  unfrequented  Place,  forpar- 
ticular  Ufes;  and  this  Water  will  remain 
only  during  the  great  Plenty  of  Water; 
which  may  be  obferv’d  alio  in  the  other 
Conduits,  as  CDE:  For  there  will  be  al- 
ways fome  Remainder  tor  the  Service  of 
the  Town,  either  for  Fifh-Ponds,  or  other 
Receptacles  for  W ater,  that  are  kept  a long 
Time  without  any  Addition  of  frelh  Wa- 
ter, and  which  may  be  fupply’d  fromT'ime 
to  Time ; the  red  will  be  equally  didri- 
buted  at  the  Rate  of  4y  Inches,  only  they 
will  have  fometimes  a little  lefs,  fometimes 
a little  more. 

Frontinus , a Roman  Author,  hnsdifeour- 
fed  of  thefe  Condudls  of  Water  after  ano- 
ther Manner.  What  we  call  an  Inch,  he 
calls  6)uinarta\  but  his  Quin  aria  was  a 
little  lefs ; His  Manner  of  applying  what 

he 
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lie  calls  Calix , at  the  Bottom  of  which, 
there  was  a little  Pipe  of  the  Bignefsofhis 
Ghituaria,  does  not  feem  to  be  jud;  and 
FTwould  be  better  to  conduct  10  Inches  to 
fomc  Part  of  the  Town,  if  the  Perfonsin 
that  Part  want  only  io  Inches,  andtodif- 
charge  them  into  along  Refervatory,  where 
fuch  a Gauge  as  I have  mention’d  may  be 
apply’d,  that  Ural  1 give  an  Inch, or  Half  an 
Inch,  according  to  what  is  got;  and  when 
there  are  Perfons  that  would  have  only  a 
Line,  which  is  the  144th  Part  of  an  Inch, 
or  2 Lines,  which  is  the  yid  Part  of  an 
Inch,  then  you  mud  make  the  Gauge  dif- 
ferent from  that  before-mention’d.  There 
.mud  be  made  a little  Refervatory  apart, 
wherein  the  Water  mud  run  fo  as  to  lie 
always  y Lines  above  the  Holes ; and  ha- 
ving made  a fquare  Hole,  whofe  Side  is4 
Lines,  take  away  ,%  of  its  Breadth,  lea- 
ving the  whole  Height  of  4 Lines,  which 
will  give  the  9th  Part  of  an  Inch,  that  is, 
16  Lines.  Half  that  Breadth  will  give  8 
■Lines,  and  a Quarter  of  it  4 Lines ; or 
elfe  you  may  make  the  Water  to  lie  6f 
Lines  above  a Hole  of  a Line  fquare,  from 
the  Breadth  of  which  you  mud  take  ,i4, 
to  have  the  exa&  Contents  of  a round 
Line,  which  will  exadtly  give  of  14 
Pints  in  a Minute,  and  144  Pints  in  24 
Hours,  of  fuch  Pints  as  are  the  36th  Part 
of  a Cubic  Foot.  If  you  double  the 
Breadth,  you  will  have  2 Lines,  which 
will  give  a Maid  or  Hogfhead  in  aqHours, 
or  12  Pints  in  an  Hour,  and  3 Pints  in  a 
Quarter  of  an  Hour;  and  to  be  Pure  that 
fuch  an  Opening  gives  neither  more  nor 
lefs  than  two  Lines,  you  mud  count  the 
Time  in  which  the  Water  running  through 
it  will  till  a Quartern;  if  it  does  it  in  yy 
Seconds,  the  Quantity  expended  is  exact. 
You  mud  let  this  Quantity  of  Water  run 
in  Pipes  of  an  Inch  Bore  at  lead  ; for  they 
might  be  dopp’d  up  in  Time,  if  they  were 
lefs;  and  every  10  Years  Care  mud  be  ta- 
ken that  the  Gauge-Holes  do  not  fill  with 
a dony  Subdance,  which  fixes  to  the  Edges 
of  the  Holes ; which,  in  fuch  Cafe,  mud 
be  made  a-new. 

When  Marriotte  tells  us  that  Conduct 
Pipes  are  not  large  enough,  a fine  Mud 
.fettles  in  the  lowed  Part  of  them,  which 
will  fubtide  even  from  the  cleared  Wa- 


ter ; and  at  lad,  as  it  hardens,  it  will  whob- 
ly  fill  up  the  Pipe:  Therefore  it  will  betie- 
cedary  now  and  then  to  open  them  at  the 
lowed  Places,  fo  as  to  make  the  Water 
run  out  with  Violence,  and  it  will  bring 
out  this  Mud  along  with  it,  provided  it  be 
not  yet  petrify’d. 

And  that  if  a Condudl  Pipe  is  to  be  car- 
ried over  fome  riling  Ground,  there  mud 
be  a fmall  Pipe  folder’d  to  it  in  the  highed 
Place  with  a Cock  to  it,  that  is  to  be  open- 
ed now  and  then,  to  let  out  the  Air;  which 
being  drawn  down  w ith  the  W ater,  gathers 
together  in  the  upper  Part  of  the  Pipe,  and 
being  condens’d  by  the  Water  which  com- 
predes  it,  comes  out  in-Bubbles,  anddrikes 
fometimes  with  fuch  Violence  againd  the 
Conduit  Pipe,  as  to  crack  it,  if  it  be  not 
drong  enough  to  refid;  or  breaks  Pieces 
out,  if  it  be  made  of  any  brittle  Sub- 
dance. 

But  for  the  Prevention  of  this,  thereare 
fome  Rules  laid  already  down  in  theChap- 
ter  which  relates  to  Pipes  in  theBeginning 
of  this  Treatife,  which  is,  by  foldering 
on  of  hanging  Valves  at  certain  Didances, 
which  Valve  hangs  like  the  Lid  of  a 
Brandy  Quartern,  when  there  is  no  Water 
in  the  Pipes ; but  when  the  Water  comes 
in,  it  will  take  the  Sediment  with  it,  and 
drive  it  and  the  Air  on  before,  till  thePipe 
is  fcower’d  and  clean’d  : And  as  foon  as 
theWater  advances  on  in  thePipe  towards 
the  Place  where  the  Valve  hangs,  the  Air 
(there  being  another  Pipe  folder’d  011, which 
reaches  quite  upto  theTop  of  the  Ground 
that  the  Pipe  is  cover’d  with)  will  by  the 
fuperior  Force  of  the  Water  give  Place, 
and  take  its  Way  out,  giving  the  Water 
Room  (without  Interruption)  to  purfue  its 
Courfe,  and  the  Valve  is  thereby  kept  fhut 
till  the  Water  retires  again,  and  comes  no 
more.  This  I owe  to  Mr.  Edwards. 

To  go  on  : Marriotte,  as  to  the  Didribu- 
tion  of  Water;  which  is  partly  indrumen- 
tal,  and  partly  numerical;  which  if  any 
Learner  would  reduce  to  Englifp  Meafures, 
he  mud  have  Recourfe  to  the  Beginning 
of  this  Fourth  Book,  p.  360,  361.  where 
the  Englijh  and  French  Meafures  are  dated 
and  compared  one  with  anoth.r. 
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But  for  the  better  Calculation  of  the 
Diftribution  of  Water  to  feveral  Fountains 
or  Houfes  which  will  often  want  to  be 
fupply’d  at  one  and  the  fame  Time,  the 
following  Method,  which  is  entirely  nu- 
merical, will  (with  humble  Submiffion  to 
thofe  who  like  a mathematical  Demon- 
ftradon  better)  be  much  (horter  and  ea- 
iier. 

Suppofe  - then , that  there  is  a Refer- 
voir  which  is  to  play  feveral  Fountains, 
or  fupply  feveral  Houfes  at  one  and  the 
fame  Time,  the  Pipes  of  which  are  tobc 
of  different  Dimenfions,  according  to  the 
Largenefs  of  the  Fountains  or  Houfes  the 
Refervoir  is  to  fupply : And  let  there  be  fix 
Branches  to  go  from  the  Main,  of  the  fol- 
lowing Dimenfions ; one  of  i Inch  Diame- 
ter, one  of  ii,  one  of  2,  one  of  zi,  one 
of  3,  and  one  of  37,  or  ofany  Dimenfions. 

In  the  firft  Place,  you  are  tO  find  out 
the  fuperficial  Content  of  the  Bores  of  all 
thefe  Pipes  added  together,  which  being 
multiplied  as  before  aire&ed, 

Inch. 


The  Content  of  Pipe  No  1 is  1 

2 2 

3 4 

4 6 

i 9 

6 12 


Which  added  together,  is  34 

Now  to  find  out  the  Dimenfions  of  a 
Pipe  of  Conduct  which  is  to  fupply  all 
thefe  Pipes  at  one  Time,  you  arc  to  take 
the  neareft  Square  of  34  Foot,  either  by 
Rules  fet  down  for  that  Purpofe,  or  by 
the  Table,  which  is  to  be  found  p.  377.  of 
this  4th  Book  ; where  it  will  be  feen,  that 
the  neareft  Square  in  whole  Numbers  is 
zf  Inches : But  then  there  is  the  Square  of 
9 Inches  more  to  find  out,  which  is  108 
Parts,  the  Square  whereof  is  eafily  found 
out  to  be  10  Parts.  Seetfie  Proof. 


In.  Pts. 
S 

S 10 


y Inches  by  y Inches,  is  2y 
y Inches  by  10  Parts,  is  4 z 

y Inches  by  10  Parts,  is  42 

10  Parts  by  10  Parts,  is  8 4 


34  00  4 

By  which  it  appears,  that  the  Diameter  of 
fuch  a Pipe  of  Condudl  is  to  be  y Inches 
10  Parts:  But  if  it  is  6 Inches,  or  6 to  4, 
thebetter,  upon  Account  of  the  Sediment, 
which  is  apt  to  happen  in  all  Pipes ; which, 
together  with  theimpervious  Air, Fri&ion, 
£sv.  will  (as  has  been  before  prov’d)  very 
much  impede  or  hinder  the  Spouting  of  the 
Water. 

I might  in  this  Place  have  added  much 
more  as  to  the  Shape  or  Form  of  the  Pipes 
at  the  Place  where  the  Adjutage  or  Spout 
is  join’d  to  them,  and  ot  the  different 
Sorts  of  Figures  which  the  laft  are  made 
of,  to  make  the  Water  appear  above  in  va- 
rious Figures,  of  all  which  Bojtler  has 
produc’d  a Number  of  Varieties;  but  as 
all  thefe Gimcracks  arenowinagreatMea- 
fureoutof  Ufe,and  therebeingno  particu- 
larShapes  made  ufe  of, the  Water  riling  only 
inColumns  orMountains,out  offingle  large 
Adjutages,  or  out  of  an  Adjutage  which 
has  one  large  Hole  in  the  Middle,  and  fe- 
veral fmall  Perforations  or  Holes,  luch  as 
is  feen  Fig.  20.  ‘Plate  32.  no  more  need  be 
added  till  we  come  to  the  Practice  of  Wa- 
ter-Works in  the  feveral  beautiful  Plates 
that  come  from  Italy  and  France , and 
which  by  and  by  follow. 

Fig.  20.  7 ‘ab.pradic.  is  a fmall  Plan  of 
the  Head  or  End  of  an  Adjutage,  the  Top 
whereof  is  made  of  ftrong  Copper,  of  1 
Foot  Diameter,  the  middle  Jet  is  2 Inches, 
the  fecond  Row  1 Inch,  the  third  Row 
i an  Inch,  the  fourth  or  out-fide  Row  * 
of  an  Inch. 
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Blenheim  (the  Engine  of)  defcrib’d,  321 
Blythe,.  (Mr.)  an  excellent  Water-Level 
of  his,  I02 

Bockler , (the  induftrious)  his  long  and  la- 
boured Difpute  between  the  Facuijls 
and  Plenifts  drawn  up,  166.— Appears 
at  lad  to  be  a ‘Plenijt , 183.— The  Rea- 
fon  why, 

Boy/e  (Mr.)  his  Account  of  the  Rarefadiou 
of  Water,  44. — Of  the  Gravitation  of 
Fluids,  140,  & feq.— Of  the  Afcent 
andDefcent  of  Mercury  in  an  Air-Pump 
in  Facuo,  217,  & feq. 

Burnet , (Dr.)  his  unfuccefsful  Attempts 
to  find  otw  'he  Caufe  of  the  Deluge,  63 
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Cambdcn  (Mr.)  his  Account  of  a curious 
Spring  in  Glam  organjh  ire , 34 

Canal  (the  fine  one)  of  Verfailles , 8 

Cardan,  his  Opinion  of  Salt  Springs,  34 
Cafcades , of  the  Villa  d.e  Medicis,  if.— Ot 
the  Tevcrone,  ibid.-— Of  fheFrcfcati,  ib. 
and  409,410,41  s-.—'-Of  Verfailles , 408.. 
—Of  Mr  Blaithwaytc'%,  12.- -Of  Mr. 
Ernly'%  at  Whetham , ibid  —Of  Spy 
Park,  412. — Of  Chatfworth , 12.— -Of 
Bujljy  Park,  14 

Chelmsford , Fjfex,  (a  fine  Spring  there) 

36 

Cheyne  (Dr.)  by  the  Fw  Inertia:  proves 
the  Neceffity  of  a Vacuum , 175" 

Clarke  (Dr.  of  Sr.  ‘James's)  his  excellent 
Notes  on.  Rohault,  178- 

Cohcejion,  what,  1 33 

Condenfation , what,  9 

Coningsby  (Lord)  a large  and  ufeful  Piece 
of  Water- Works  of  his,  1.0 

Corrobatts , an  ancient  Inftrument.  for 
Levelling,  defcribed  by  Vitruvius , 84 

Coronarius  (Dire&ions  of)  for  finding 
Springs,  77 

Crank-Wor.k  Engines,  what,  320 

Ctefibian  Pump,  from  whence  fo  called, 

3°7 

D. 

fDead  Sea  (why  fo  called)  37 

Democritus , his  Method  for  finding  out 
Springs,  79 

fDerbam  (Mr.)  his.  general  Account  of 
Springs,  jf.— Particularly  that  of  6)t>- 
minfler , 3^ 

IDefaguliers  (Dr.)  his  Experiment  con- 
cerning irregular  Springs,  33,— His  De- 
finition of  Fluids,  133 

Defcartes  ( inter  alia ) his  merry  Account 
of  the  Flood,  62 

Defcent  or  Fall  of  Water  from  a Spring- 

Head,  how  to  take  it,  84,  & leq. 

Of  the  adjufting  that  Fall,  102,  & feq. 

E- 

Earth  { of  a Curv’d  Figure,)  py.— How  to 
adjull  it,  96 

Elajiicity , what,  22.2.  Unde  derivatur , 
ibid.  Algebraically  explain’d,.  229 


D E X. 

Euphrates  (the  River  of)  an  Account  of 
its- extraordinary  Fluxion,  67 

Engines , vid.  Hydraulic k , (a  general  In- 
troduction to  them)  277.  defined,  177,  & 
feq.— -Of  the  multiplying  Wheel-Bucket 
Engine  of  Mr..  Gerves,  314,  & feq.— Of 
Crank-Work,  and  regulating  Engines,. 
316. — Of  the  Fire  Engines,  ibid.—  That 
of  the  Merchant’s  Water-Works  de- 
ferib’d,  318,  & feq.--  That  of  London 
Bridge,  319.— -O f Blenheim,  321.— -The 
firf  Invention  of  the  (ingle  FireEngine,. 
32),  & leq.— Of  the  double  Engine,  by 
Mr.  Savory , 328,  & feq.— Of  the  Im- 
provements by  Mr.  Newcomen,  330.-  - 
Of  Engines- for  Mufick,  343-,  & feq; 

F. 

Filtration , (an  Account  of  it)  by  Mr. 
Hawksbee , 4J 

Fluidity,  or  the  Properties  of  Fluids,  where- 
in they  conlilt,  134,  & feq.-— How  de- 
fin’d, i/W.—  Of  their  Gravitation  on  each 
other,  fvomlVallis,  137,  otfeq.  From 
Boyle , 146,  & feq.. 

Fountain , (that  of  Hero  Alexandrinus,)  de- 
ferib’d  by  Marriotte,  394. — By  Grave- 
fande,  395-.— Fountains  of  Saturn  at  Ver- 
/ailles,Aefcxio'  A, J .—Flora, Bacchus, Ceres, 
Latona,  Apollo  and  Neptune,  ibid.— Of  the 
Fncelade,  1 8 ---Of  the  <SV<ir.r,4oS.— The 
Treble  Fountain,  ibid.-— Of  the  Tower , 
ibid.— Of  the  £rfg/c,ibid.— Of  the  Capi 
tol,  409.-— Of  the  Prince  of  Borghefe , 
409.— -Of  the  Villa  Aldobrandini, ib— -Of 
the  Francifcan  Cloy  Her  at  Frefcati,^  10. 
Of  the  Gaily  in  the  Belvedere  Gar- 
dens, ibid.— Of  the  Dove,  41 1.—  Of  the 
Sy  bills , ibid. 

Of  Fridlion , its  Etymology,  Derivation, 
1.04.— Several  Tables,  wherein  the  Fr-i- 
dion  in  Pipes  is  calculated,  106,  & feq.. 


G. 

Gallileo,  the  firft  Difcoverer  of  the  Mqut- 
pondium  of  Air,  Vid.  Preface p.  xxix. 

Gaffendus , (his  Account)  of  a Spring 
which  flows  8 Times  in  an  Hour,  6y 

Gobart  (Monlleur)  his  Account  oftheAt- 
mofphere,  189. — Of  me  Barometer,  20.3  . 

Of 
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Of  the  Thermometer,  206.— Of  the 
Hygrometer,  2x7 

Gravefande  (Dr.)  his  Account  of  the  Ex- 
tension or  Divifibility  of  Bodies,  x io 
Gravity,  the  Effedfs  of  it  ill  fluids,  efpe- 
ciall'y  Air,  ' iSy,  & leq. 

H. 

Hawksbee  (Mr.)  his  Account  of  the  Af- 
cent  of  Water  in  Capillary  Tubes,  44 
Heath  (Mr.)  his  new  invented  Level,  96 
Hero  Alexandrinus  (a  noted  Hydroftatici- 
an)  liis  Opinion  of  a Vacuum,  171 
Iley (Dr.)  his  Account  of  agreat  Drought 
in  the  Time  of  Conflantine, 

Hook  (Dr.)  of  the  unequal  Preffure  of 
Fluids  according  to  their  refpedlive  Gra- 
vity, 48,  & feq. 

( Hydraulicks ) its  Etymology,  Definitions, 
6fc.  2.75" 

Hs drojlaticks,  its  Derivation,  130.— De- 
finitions, 133,  & feq. 

r. 

lit  ait,  the  fam’d  Water-Works  of  Solomon 
there,  3.,  &c. 

L. 

Lake. — The  made-one  of  Blenheim , 

H 

Level  (a  general  Account)  of  the  feveral 
Kinds  of  them,  84,  & feq.— The  An- 
tient  owe  of  Vitruvius,  84.-  — Of  Blythe , 
ibid.-— For  the  ufe  of  Gardiners,  ibid. 
-—The  Plumb  Level  of  La  Eton,  8f.— 
The  Spirit  Level  of  Ditto,  87.— -The 
Air  Level  of  Ditto,  88. --The  TelleF- 
cope-Air  Level  of  Ditto,  89. — The 
Sieur  Hagen's  Level,  90. — Of  the  En- 
glijh  Spirit  Level,  191.— Mr .Sijfons  Level, 
92.— Mr.  Heath's  curious  new  invent- 
ed Level,  96 

London  Bridge  Engine,  an  Account  of  it, 

319,  & feq. 

M. 

Machine,  vide  Eng'ne. 

Magnitude,  (the  Center  of  it)  where,  qy 
Martyr  ('Peter')  his  Account  of  a hot 
burning  River,  31 


Matter,  the  great  Squabble  amongrt  the 
Philofophers,  of  what  compos’d,  177 
Momentum,  (a  Term  much  us’d  in  Alge- 
bra) 229,  CA  aids  locis. 

Montfaucon , his  Account  of  the  Water- 
Works  of  Rome  4. --Of  Spain,  ibid. 
—Of  Germany , ibid  .--Of  Italy,  .6 
Montes  Luna:,  an  Account  of  them,  66 
Moreland  (Sir  Samuel)  his  Improvements 
in  Pump-Work,  3.10 

Moore  (Sir  Jonas)  his  Account  of  Weights 
and  Meafures,  384,  & feq. 

Merfenuus  (Father)  the  Inventor  of  the 
JEHople,  198— Of  the  Dilatation  of  Air 
by  it,  227.— His  Account  of  the  Com- 
preffion  of  Air  in  a Wind  Gan,  22S 

N. 

Newton  (Sir  Ifaac)  of  the  Refinance  of 
Fluids,  176.  (xf  Multis  aliis  Locis. 
Newcomen  (Mr.)  his  Improvement  of  the 
Fire  Engine,  330 

New/ham  (Mr.)  an  Account  of  his  En- 
gines. Vi d.  Notes  on  Book  III. 

Nile,  (the  River  of)  its  overflowing  ac- 
counted for  by  Seneca,  66. — From  o- 
thers  of  a later  Date,  ib'.d. 

O. 

Ozonam  (Monfieur)  his  Definition  of  Hy- 
droftaticks,  Book  II.  1. — His  Miftake 
in  his  Definition  between  Hydroftaticks 
and  Hydraulicks,  33a 

P. 

Pipes  for  conducting  Water,  as  noted  from 
Vitruvius , ny. — Earthen  ones  by  Mr. 
Edwards  and  tAr.Muichell,  116,  & feq. 
—Elm  ones  by  Mr.  Hewit,  118.--- 
Of  Oak  Boards,  67.  Pra&ifed  by  the 
late  John-Kyr/e  Ernly,  Efq;  119,  & 
feq. — TheThickncfs  of  Lead  Metal  in 
Pipes,  icq,  125-,  126 

Plato,  (the  learned  Philofopher)  his  Opi- 
nion of  the  Flux  in  the  Refluxion  of  Ri- 
vers from  the  Sea,  75- 

Plenum,  the  Notion  contefted  amongit 
the  Antients,  i6y . Deny’d  by  feveral 
of  them  and  the  Moderns,  168 

Pliny,  his  Account  of  Springs,  42,  & feq. 
Plot  (Dr.)  his  excellent  Treatife  de  Gn~ 

gins 
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gine  Fontium , 30.— from  Cardan,  ibid. 
Jrom  Hook's  Lectures  Cutlcrian,  ibid.—  - 
from  'Peter  Martyr,  31.— from  Fareni- 
us,  ibid. — from  Hirtus  Panfius,  34. — 
from  Cambden , ibid.— from  Gajjendus, 
ibid.— from  Fafconccllns , ibid.— from 
Quintus  Curtins,  38. — from  Cardan , 
ibid,  from  Sir  Robert  Sibbald,  ibid. — 
from  Sir  James  Young,  39.- -from  Sea- 
tiger,  ibid. — from  Strabo,  40 

Plutarch , his  Account  of  Springs,  43 
Pumps  (Water  afcending  in  them)  not 
owing  its  Rife  to  Nature’s  Abhohence 
of  a Vacuum,  149.  alibi. — Lifting 
Pumjt,  what,  305-.— Sucking  one  de- 
fcrib  d,  ibid. — Forcing  one  defcrib’d, 
310.— -Double  Pump  defcrib’d,  312.— 
Account  of  fome  Italian  Pumps,  3x3 

R. 

Reservoirs  (the  Method  of  making  them) 

_ • , , ^ I17>  & fcq- 

Kicciolus  s Calculation  of  the  Water  paf- 

fing  through  the  Adriatic k Sea,  16. — 
Ot  the  Iftbmus  of  Painne , by  ditto,  ib. 
River  (New)  from  / { "ar e to  London  de- 
fcrib’d, 9— At  Plymouth,  ibid.— At 
Hampton-Court , Hereford/bire , to  — 
Rivers  of  Italy , 1 x. — Of  England , a ge- 
neral Account  of  them,  12.— Of  the 
lb\e,  ibid.— Of  t he  Avon  in  Hamp[hire 
and  Warwickjhire,  12.— Of  the  Trent 
in  Nottingham  and  Glojierjhire , 13,  14 

Rofelayn  (the  fine  Citterns  there)  by  Mr. 
Maundrell , ^ 

S. 

Seine  (the  River  of)  a Calculation  of  the 
Water  paffmg  through  it,  2a 

Semiramis,  (Queen)  her  great  Underta- 
kings in  Water- Works,  ^ 

Siphon,  its  Antiquity,  Excellence,  and 
Ufes,  294. — TheAfcent  of  Water  thro’ 
it  explain’d,  without  the  help  of  a Fa- 
ett  urn,  296 

00/1^3  Extenfion,(rA.  defin’d,  177,  &feq. 
Springs,  the  different  Hypothefis’s  of  the 
Learned  concerning  their  Original,  tta- 
ted,  15-  (viz.)  that  of  Arijiotle,  ibid, 
—of  Aquinos,  ibid. — of  Scaliger,  ibid, 
ot  Faber,  ibid. — of  Bartholinus , ibid. — 
•Of  liiok , ib:d. — of  Mariotte,  16,  & feq. 


F I 


?r-rHa/‘Li  \7,  & feq -of  Ray 
.bid  & feq._of  Mr.  ‘Dei ham,  27- 
ot  Rohault  28.— of  Dr.  Woodward^ 
& feq.-of  Dr.  Burnet,  63.- Of’ 

. Springs  which  fupply’d  antient  Rome 

r iC/  3tna'  Claudi“,  Julia 

Tepula  Marc, a Qy  Neroniana,  Aqua, 
slppia,  &c.  . 7 

Spring,  (Irregular)  a general  Account  of 
them,  63.— -of  thzHangermore Slade, 64. 
—of  the  Weeding  Well,  ibid.— of  the 
Weeding  Well  in  Dairbyjhire,  ibid. — 
ot  the  Lambonrn  Spring,  <58  —of  the 
Horary  Sprmg  or  Fountain  in  Spain,  6c. 
—ot  the  A, /ken  Spring  in  Flintjhire , ib. 

T. 

Teverone  (the  Cafcades  of  it)  Fid.  Notes 
on  Book  I. 

Tivol,  (in  Italy ) the  Water- Works  of  if, 

Torricelli,  the  Barometer  improt°d  bfhta' 
and  why  fo  call’d,  181,  & alibi.  ’ 

V. 

Vacuum,  an  Introduction  to  it,  i6<— The 
great  Cornells  about  it  among!!  the  A11- 
t.ents,  166,  & feq. — Its  different  Politi- 
ons  as  held  by  fome  of  them,  171  — 
Its  dilleminate  or  interfpers’d  Property 
I73-— -Conclufion,  ,0’ 

Fafconcellus,  an  Account  of  his,  concern- 
ing Springs,  ’ ‘ 

(the  famous  Water-Fall)  defcrib’d 
by  Mr.  Add, fin.  Fid.  Notes  on  Book  I 

Fires  inertia , what,  ,~r 

W.  7S ’ 7° 

Water  how  difeovered,  7 6,  & feq.-its 
good  and  bad  Qualities,  82,  & feq  _ 
The  Inftruments  proper  for  taking  its 
Fa  1,  84,  & feq. —How  to  adjuA  that 
Fall,  102.— TheDependance  neceflarv 
for  ,t  _iG3.-Tables  of  the  Height  to 
which  it  will  rife,  106.— Of  Fridfion, 
and  the  Diminution  and  Decreafe  of 
Water  in  iong  Lengths,  Io8 

Water-Works  of  Ale, nous,  2— of  Semi- 
ramis, 3. — of  Solomon,  ibid.— of  the 
Irefcat,  and  other  Parts  of  hah,  409  — 
Of  France,  408.  of  London-Bhdgefit 20.' 
of  Blenheim, qpi\  .—ol  Chtlfea,  323 
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